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THAMIARAEA PARALIRA, A NEW SPECIES FROM NORTH AMERICA, AND 
NEW DISTRIBUTIONAL AND HABITAT DATA FOR OTHER NEARCTIC 

SPECIES OF THAMIARAEA (COLEOPTERA: STAPHYLINIDAE) 

E. RICHARD HOEBEKE 

Department of Entomology, Cornell University, Ithaca, New York 14853-0999. 

Abstract.—A new species of aleocharine rove beetle, Thamiaraea paralira, from New 

York and Mississippi, is described and illustrated. It is distinguished from T. Jira Hoebeke, 
to which it is very similar, by its smaller body size and by the distinct dentation of the 

apical margin of the male tergum VIII. New distributional data for 7. americana Bernhauer 

(Kansas) and 7. /ira (Kansas, Mississippi, North Carolina, Wisconsin, and Ontario) are 

provided. Specimens of both species have been taken from fermenting sapflows (slime 

fluxes), one of the principal habitats of species of the genus. 

Key Words: 

Until recently the only recorded Nearctic 

species of Thamiaraea, a predominantly Old 

World genus of athetine staphylinids, was 

T. americana Bernhauer which was known 

from only the type locality of Opelousas, 
Louisiana. In 1988, a second North Amer- 

ican species, 7. /ira Hoebeke, was added to 

the fauna and described from Pennsylvania, 
and additional habitat and distributional 

data were reported for 7. americana. On- 

going curation of the unidentified Aleo- 
charinae in the collections of Cornell Uni- 

versity, Mississippi State University, and 

University of Wisconsin—Madison, and a 

recent examination of material sent to me 

by Dr. James S. Ashe (Snow Entomological 

Museum, University of Kansas, Lawrence) 

have revealed specimens of yet another un- 

described species, and new distributional 

and habitat data for 7. americana and T. 

lira. 

Thamiaraea paralira Hoebeke, 

NEw SPECIES 

Diagnosis.—Agreeing with structural 

characters of the genus as provided by Hoe- 

Coleoptera, Staphylinidae, Thamiaraea, new species, distribution, habitat 

beke (1988). Males are easily recognized 

from those of the other two North American 

species (7. americana and T. lira) by the 

distinctive apical margin of the eighth ter- 

gum (Fig. 6), and by their smaller body size 

(less than 3.0 mm). 

Description.— Body color dark casta- 

neous to reddish-brown, with head and ab- 

dominal segments VI-VIII dark brown. An- 

tennae yellowish-brown with apical articles 

darker. Mouthparts and legs uniformly yel- 

lowish-brown. Dorsum of head, pronotum 

and elytra densely clothed with pale, short, 

appressed setae. Length 2.4-2.9 mm (x¥ = 

2.6 mm, n = 4). 

Head (Fig. 1) broad across eyes (Ratio 

L/W = 0.66). Eyes large, broadly convex, 

prominent, and with short pile. Dorsal pu- 

bescence of microsetae moderately dense, 

directed medially. Microsculpture (Fig. 2) 

faintly visible, consisting of polygonal pat- 
tern of microlines; surface glossy between 

uniformly distributed punctures. Antenna 

moderate in length, reaching anterior third 

of elytron when extended posteriorly; arti- 

cles loosely organized; articles I-III elon- 
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gate, cylindrical; articles 1V-V subquadrate, 
slightly wider than long; articles VI-X be- 
coming increasingly transverse; article XI 
obconical, pointed apically, slightly longer 

than IX and X combined. 
Pronotum broadly transverse (Ratio L/W 

= (0.67), flattened dorsally, and with a slight 

median impression; anterior margin trun- 

cate to slightly emarginate; lateral margins 

broadly rounded, broadest at the middle; 
posterior margin broadly arcuate with very 

slight sinuations toward outer angles; sur- 

face dull due to microsculpture consisting 

of polygonal pattern of microlines (as in Fig. 
2); pubescence pattern consisting of narrow 

strip of microsetae along median line di- 

rected caudally, and remaining microsetae 

directed laterocaudally from median line and 

narrow band of microsetae along posterior 

margin directed laterally from median line. 

Elytra (Fig. 3) slightly broader than pro- 

notum; microsculpture similar to that of 

pronotum; pubescence of dense microsetae 

directed caudally. 

Abdominal terga III-V (Fig. 4) at base 

with shallow, transverse impressions with 
faint microsculpture consisting of intercon- 

necting, transverse microlines; impressions 

smooth, impunctate; remainder of terga III- 
V moderately punctured; terga VI-VIII (Fig. 

5) with very faint microsculpture basally, 
smooth and glossy, and more sparsely punc- 

tured than preceding terga; apical margin of 

terga III-VI with row of long, caudally di- 

rected setae. 

Male.— Median lobe and paramere of ae- 

deagus as in Figs. 7 and 8, respectively. 

Female.— Unknown. 
Secondary sexual characteristics. — Male: 
Head with setiferous sex patch on frons 

(Figs. 1, 2). Apical margin of tergum VIII 

(Fig. 6) with a short, robust, sublateral tooth 

on each side, and a pair of short, blunt lobes 

at middle. Eighth tergal disc behind median 
apical lobes flat or slightly impressed along 

median line. 

Distribution.— Known only from a single 

locality in southeastern New York in 

Westchester County, and from a single lo- 

cality in northern Mississippi in Pontotoc 

County (Fig. 9). 

Type material.— Holotype, male, with la- 

bels: Yonkers, N.Y., May 29 1938, H. Die- 
trich/in flowers of Calycanthus fertilis/HO- 

LOTYPE Thamiaraea paralira n. sp., desig. 

E. R. Hoebeke 1993. Type deposited in the 

Cornell University Insect Collection, Itha- 

ca, New York. 

Paratypes.—5 males: Same data as for ho- 

lotype; deposited in the Cornell University 

Insect Collection. 1 male: Miss[issippi]., 

Pontotoc Co., | mi SE Ecru, 18-XII-1980, 
W. H. Cross, pitfall trap in deciduous woods, 

4771A-1; deposited in the insect collection 

of Mississippi State University, State Col- 

lege. 

Etymology.—Combination of the Greek 

para (near to) and the species epithet /ira 

(from Thamiaraea lira Hoebeke), and re- 

ferring to the close resemblence of this new 

species to T. lira. 
Remarks. —I initially believed that a se- 

ries of 22 specimens of Thamiaraea, all 

taken from flowers of Calycanthus fertilis 
Walt. (Calycanthaceae, Carolina Allspice) 

at Yonkers, New York, were comprised ex- 

clusively of 7. lira. However, after closer 

examination the series was found to be a 
mixture of two very similar, but distinct, 

species. The only reliable means of sepa- 

rating them are differences chiefly in body 
size and in male secondary characteristics 

(tergum VIII). Males of T. Jira have the api- 

cal margin of tergum VIII with a long, slen- 

der tooth on each side, a pair of prominent, 

rounded lobes at the middle, and a broad, 
deeply-sulcate ridge along the midline of the 
tergal disc (cf. Fig. 20, Hoebeke 1988: 23). 

In contrast, males of 7. paralira have the 

apical margin of tergum VIII with a very 
short, robust tooth on each side, a pair of 

rather blunt, short median lobes at the mid- 
dle, and (in some specimens) a slightly im- 

pressed median line bordered on each side 
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Figs. 1-6. Thamiaraea paralira n. sp., male. 1, Head and pronotum, 131 x. 2, Setiferous sex patch on dorsum 

of head, and adjacent integument showing microsculpture, 552. 3, Elytra, 128 x. 4, Abdominal terga III-V, 

117.5, Microsculpture at base of tergum VII, 1030.6, Apical margin of tergum VIII, 194~. 
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Figs. 7, 8. 

by a vague, raised area (Fig. 6). Male gen- 

italic characters of both species are very 

similar. 
Although there were 7 females also in- 

cluded in the series of 22 specimens, all were 

identified as 7. /ira based on the dissection 
and examination of the spermatheca. Thus, 

female specimens of 7. paralira still remain 

unknown. An additional male specimen of 

this new species (Pontotoc Co., MS) was 

discovered among unidentified Aleochari- 
nae in the insect collection of Mississippi 

State University. 
New distributional data for Thami- 

araea.—The locality records given below 

extend the geographic ranges of the known 

Nearctic species of Thamiaraea. Following 

each record, the number (and sex) of each 

specimen examined, and an acronym for the 

specimen repository (SEMC = Snow En- 

tomological Museum, University of Kan- 
sas; CUIC = Cornell University Insect Col- 
lection; MUIC = Mississippi State 

University; and UWEM = University of 

Wisconsin—Madison) are provided. 

Thamiaraea americana, originally de- 

scribed from Opelousas, Louisiana, and lat- 

er listed from North Carolina (Orange Co., 
Chapel Hill) (Hoebeke 1988), is now re- 

corded from the following new localities: 

UNITED STATES: Kansas: Douglas 

Thamiaraea paralira n. sp., male genitalia. 7, Median lobe of aedeagus. 8, Paramere of aedeagus. 

Co., 7 km S. Lawrence, 30-VIII-1992, J. S. 

Ashe (1 male, 7 females, SEMC); 2 mi. N. 

Baldwin, 2-V-1986, J. Pakaluk (1 male, 

SEMC). 
Thamiaraea lira was known previously 

only from the type of locality of Arendts- 
ville, Pennsylvania. This species is now re- 

corded from the following additional local- 

ities: 
UNITED STATES: Kansas: Douglas 

Co., 7 km S. Lawrence, 30-VIII-1992, J. S. 

Ashe (1 male, 1 female, SEMC). Mississippi: 

Pontotoc Co., 1 mi. SE Ecru, 23-X-1980, G. 

L. Snodgrass, ex pitfall trap in deciduous 
woods and in swamp (3 males, 3 females, 

MUIC); same locality, 15-VIHI-1980, W. H. 

Cross, ex pitfall trap in deciduous woods 

and in swamp (2 females, MUIC); same lo- 

cality, 3-VII-1980, W. H. Cross, ex pitfall 

trap in deciduous woods (1 male, MUIC). 

New York: Westchester Co., Yonkers, 29- 

V-1938, H. Dietrich (8 males, CUIC). North 

Carolina: Edgecombe Co., 2 mi. NW Tar- 
boro, 7-[X-1979, W. H. Cross, ex pitfall 

trap peripheral to cult[ivated]. cotton (1 

male, MUIC). Wisconsin: Dane Co., U. of 

W. campus, 17,24,31-V/14-VI/10-VIII/ 

3,10,17,22-X-1954, L. H. McMullen, ex ba- 

nana trap (10 males, 6 females, UWEM). 

Marathon Co., Rib Mtn. St. Pk., 26-VIII/ 

10,17,24,30-IX/6-X-1954, Y. Sedman, ex 



VOLUME 96, NUMBER 1 

A lira 

gw Paralira 

Fig. 9. Known distribution of Nearctic Thamiaraea. 

banana trap (20 males, 31 females, UWEM). 

Wood Co., no specific locality (only “GSN”), 

6,15,22-VII/20-VIII/1 1,30-IX-1954, L. H. 
McMullen, ex banana trap (5 males, 4 fe- 

males, UWEM). 

CANADA: Ontario: Wentworth Co., 

Stoney Cr., 2-VI-1973, H. Frania (3 males, 

2 females, SEMC). 

Habitat data.— Various insects are regu- 

lar visitors to sap exudations, or slime flux- 

es, of injured or diseased trees (Wilson 1926, 

Cole and Streams 1970). Among the Cole- 

optera, numerous records exist for species 

of Nitidulidae, cetoniine Scarabaeidae, Ela- 
teridae, Lucanidae, Cerambycidae, and 

Curculionidae occurring in this habitat 

(Wilson 1926, Cole and Streams 1970, Rat- 

cliffe 1970, 1985). In the European litera- 

ture, there are copious notes and records of 

a wide range of species of Staphylinidae at- 
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tracted to slime fluxes and sap of trees (Palm 

1951, 1959, Horion 1963, 1965, 1967, Koch 

1989). 
Few habitat records are documented for 

species of Thamiaraea. In the United King- 

dom, Keilen (1921: 57) noted that the wound 

of an elm tree and its decomposed sap were 

“visited by the predaceous larvae of two 

Staphylinidae—one belonging probably to 

the genus Quedius sp. (subfamily Staphylin- 

inae), and the other being possibly a Tham- 

iaraea sp. (subfamily Aleocharinae).’’ The 

British Thamiaraea (T. cinnamomea Grav- 

enhorst and 7. hospita Mark.) have been 

reported ‘at the exuding sap of trees bur- 

rowed by the larvae of the moth Cossus lig- 

niperda” (Cossidae) (Joy 1932: 50). I (Hoe- 

beke 1988) documented North Carolina 

specimens of 7. americana “associated with 

slime flux on a trunk of Quercus alba L.” 

(white oak). 

Adults of 7. americana and T. lira, col- 

lected in Douglas County, Kansas (new dis- 

tributional records reported herein), were 

found on several occasions at a fermenting 
sapflow of an oak (J. S. Ashe, pers. comm.). 

In addition, 11 aleocharine larvae also were 

associated with the adults of these two spe- 

cies. Since no other aleocharine adults were 
found at this sapflow, J. S. Ashe (pers. 

comm.) considers this larval association a 

valid one. Because both adult and larvae of 

Thamiaraea occur in slime fluxes of trees, 

it appears likely that this is one of the prin- 

cipal habitats of species of this genus. Pre- 
viously, no larvae of Thamiaraea were 

known. 

In addition to slime fluxes, other known 

habitat/ecological records for Thamiaraea 

species include rotting fungi; rotting banan- 

as in pitfalls; pitfall traps in deciduous woods 

and in swamp, and pitfall traps peripheral 

to cultivated cotton; and inflorescences of 

Calycanthus fertilis (a cultivated, deciduous 
shrub with aromatic bark and fragrant, red- 

dish-brown flowers). 
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“A CATALOG OF NEARCTIC CHIRONOMIDAE” 

D. R. OLIVER AND M. E. DILLON 

Centre for Land & Biological Research Resources, Research Branch, Agriculture Can- 

ada, C.E.F., Ottawa, Ontario K1A 0C6, Canada. 

Abstract.—A catalog of Nearctic Chironomidae, published in 1990, contained entries 

for 205 genera and 1051 species. Synonyms and taxa overlooked in 1990, and corrections 

are presented here. Only references not cited in the Catalog are given. The number of 
valid genera and species are now 206 and 1065, respectively. 

Key Words: 

This paper gives corrections and addi- 
tions for 4A Catalog of Nearctic Chiro- 
nomidae! (Oliver et al.) published in 1990. 

Overlooked taxa, missed synonymies, and 

corrections involving agreement of gender 

for generic and specific names are included, 
but distributions have not been up-dated. 

The Catalog contained entries for 205 ge- 

neric and 1051 species names of Chironom- 

idae recorded from the Nearctic region be- 
fore Dec. 31, 1989. It now contains entries 

for 206 generic and 1065 species names. 

Only references not given in the Catalog are 

presented in Literature Cited. 

We are grateful to our colleague Brough- 

ton Caldwell for pointing out some errors 

and omissions to us, and to Drs. J. H. Epler, 

L. LeSage, and J. R. Vockeroth for review- 

ing the manuscript. Dr. C. W. Sabrosky has 

kindly advised us on the agreement of gen- 

der for some generic and specific names. 

CORRECTIONS AND ADDITIONS 

Under the genus BOREOCHLUS 

add the following entry to synonymy 

of persimilis: Boreochlus longisetus 

Brundin, 1966: 306.—Wash. 

Ds i: 

' Available through the Canadian Government Pub- 

lishing Centre, Ottawa, KIA 0S9, Canada. 

Chironomidae, Catalog, Nearctic, synonyms, omitted taxa 

Change ALOTANYPUS venusta to 

venustus. 
. Change NATARSIA baltimoreus to 

baltimorea. 

. Under the genus HELOPELOPIA 

add the following entry to synonymy 

of cornuticaudata: Conchapelopia gi- 

gas Beck & Beck, 1966: 347.—Fla. 

. Under the genus KRENOPELO- 

PIA add the following species entry 

after narda: nigropunctata. Not NE. 

Tanypus nigropunctatus Staeger, 
1839: 589.—Denmark. 

. Under the genus PENTANEURA 

add the following species entry after 
inconspicua: indecisca. N.Y.; NT. 

Tanypus indecisus Williston, 1896: 

276.—West Indies. 

. Under the genus RHEOPELOPIA 

add the following species entry after 
acra: ornata. Not NE. 

Tanypus ornatus Meigen, 1838: 

14.—Belgium. 

. Change DJALMABATISTA pul- 

cher to pulchra. 

. Under the genus PROCLADIUS 

(HOLOTANYPUS) add the follow- 

ing species entry after barbatulus: 

choreus. Not NE. 
Tanypus choreus Meigen, 1804: 

23.—Not stated. 
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p. 13. Under the genus PROCLADIUS 

(PSILOTANYPUS) add the follow- 
ing species entry after riparius: rv- 

fovittatus. Not NE. 

Tanypus rufovittatus Wulp, 1874: 

143.—The Netherlands. 

. Under the genus PROTANYPUS 

add the following species entry after 

hamiltoni: morio. N.W.T.; PA. 

Tanypus morio Zetterstedt, 1838: 

817.—Sweden. 

. Under the genus HETEROTRIS- 

SOCLADIUS add the following spe- 

cies entry after cooki: grimshawi. Not 
NE. 
Metriocnemus grimshawi Ed- 

wards, 1929: 313.—Great Britain. 

. Add the following genus entry after 
KRENOSMITTIA: 
Genus LAPPOSMITTIA 

mann 
Lapposmittia Thienemann in Ed- 

wards, Kriiger & Thienemann, 

1939: 263. Type-species, Smittia 

parvibarba Edwards (orig. des.). 
This genus, but no species, is re- 

corded from the Nearctic by Coff- 
man and Ferrington (1984). 

Thiene- 

. Under the genus PSECTROCLA- 

DIUS (PSECTROCLADIUS) add 

the following species entry after lim- 

batellus: octomaculatus. Colo.; PA. 

Psectrocladius octomaculatus Wiil- 

ker, 1956: 15.—Europe. 

. Under the genus PSEUDOSMIT- 

TIA add the following species entry 

before digitata: conjuncta. Ont.; PA. 

Spaniotoma conjuncta Edwards, 

1929: 365.—England. 

. Change PSEUDOSMITTIA forci- 
patus to forcipata. 

. Under the genus PSEUDOSMIT- 

TIA add the following species entry 

after forcipatus: gracilis. Wyo.; PA. 

Camptocladius gracilis Goetghe- 

buer, 1913: 164.—Belgium. 

. Change “RHEOCRICOTPUS” to 

RHEOCRICOTOPUS. 

Sif 

439) 

. 40. 

. 43. 

. 43. 

. 44, 

. 44. 

a. 

. 45, 

. 49, 

. 49. 

. 49. 

ao0! 

Under the genus SMITTIA add the 

following synonym: 

Phaenocladius Kieffer in Thiene- 

mann, 1921: 845. Type-species, 

Camptocladius foliatus Kieffer 
(orig. des.). 

Under the genus TVETENIA add 

the following entry to synonymy of 

duodenaria: 

Eukiefferiella saanensis Wiilker, 

1959: 50.— Finland. 

Under Nomina dubia in Orthocla- 

diinae add the following entry after 
Orthocladius sordens: 

Phaenocladius borealis Kieffer, 
1922b:19.—Novaya Zemlya. 

. Under the genus CHIRONOMUS 

(CHIRONOMUS) add the follow- 

ing species entry after plumosus: pra- 

sinus. Idaho, Minn., N.Y.; PA. 

Chironomus prasinus Meigen, 
1804: 12.—Europe. 

Under nomina dubia in Chironomus 

for Chironomus redeuns change date 
of Walker reference from 1956b to 

1856b. 

Change CLADOPELMA amachae- 

rus to amachaerum. 

Change CLADOPELMA spectabi- 

lis to spectabile. 

Change CLADOPELMA viridula to 
viridulum. 

Change DEMEIJEREA abruptus to 
abrupta. 

Change DEMEIJEREA obreptus to 

obrepta. 

Change PARACHIRONOMUS chae- 

taolus to chaetoalus. 

Under the genus PARACHIRON- 

OMUS, pectinatellae was originally 

described as a Tendipes (Cryptochi- 

ronomus) not Cryptochironomus. 

Under the genus PARACHIRON- 

OMUS add the following species en- 
try after varus: vitiosus. Man.; PA. 

Chironomus vitiosus Goetghe- 

buer, 1921: 160.—Belgium. 
Under the genus PARACLADO- 

PELMA add the following species 
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entry after winnelli: Nomina dubium 

probably in Paracladopelma: 

Cryptochironomus rolli Chernov- 
skij 1949: 54 (as “rolli Kirpi- 

chenko).— Not stated. 

Change PARALAUTERBORNIEL- 

LA nigrohalterale to nigrohalteralis. 

teralis. 

Change POLYPEDILUM (POLY- 
PEDILUM) calopterus to calopte- 

rum. 
. Under the genus POLYPEDILUM 

(POLYPEDILUM) add the follow- 
ing species entry after pedatum: pe- 

destre. B.C. s. to Oreg. & Colo., N.J., 
N.Y.; PA. 

Chironomus pedestris Meigen, 
1830: 246.—Not given. 

. Under the genus ROBACKIA add 

the following species entry after de- 
meijerei: pilicauda. Mich.; PA. 

Robackia pilicauda Sether, 1977b: 

129.— Yugoslavia. 

Under the genus STENOCHIRON- 

OMUS (PETALOPHOLEUS) add 
the following species entry after cinc- 

tus: fascipennis. Not NE. 
Chironomus fascipennis Zetter- 

stedt, 1838: 813.—Sweden. 

Under the genus MICROPSEC- 

TRA add the following entry to syn- 

onymy of junci: 

Chironomus gmundensis Egger, 
1863: 1109.—Austria. 

. Under the genus PARATANYTAR- 

SUS add the following species entry 
after grimmii: inopertus. Wis.; PA. 

Chironomus inopertus Walker, 

1856a: 164.—England. 
. Under the genus PARATANYTAR- 

SUS add the following species entry 
after tenuis: tolucensis. N. Mex.; NT. 

Paratanytarsus tolucensis Reiss, 

1972: 62.—Mexico. 

Move the following species entry 
from Stempellina to Stempellinella: 

leptocelloides. Alta., Ont. 

Stempellina leptocelloides Webb, 
1969: 94.—Ont. 

Under the genus TANYTARSUS 

add the following species entry after 

fimbriatus: glabrescens. IIl.; PA. 

Tanytarsus glabrescens Edwards, 
1929: 416.—England. 

Under the genus TANYTARSUS 
add the following species entry after 

glabrescens: gregarius. Probably not 
NE. 

Tanytarsus gregarius Kieffer, 

1909: 50.—Germany. 

Under the genus TANYTARSUS 

add the following species entry after 

recens: recurvatus. Man., N.C., S.C.; 

PA. 
Tanytarsus recurvatus Brundin, 

1947: 75.—Sweden. 

. Insert arctic after Nearctic in the title 

of the reference Oliver, D. R. & M. 
E. Dillon (1988). 

. In INDEX change page number for 

basalis (Staeger), Cricotopus. from 23 
to 24. 

p. 58. 

p. 58. 

ps9: 
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AEDES (STEGOMYIA) MATTINGLYORUM, A NEW SPECIES OF THE 
DENDROPHILUS GROUP (DIPTERA: CULICIDAE) 

Y1AU-MIN HUANG 

Department of Entomology, MSC-C1109, Smithsonian Institution, Washington, D.C. 

20560. 

Abstract. — Adults of both sexes, the pupa and larva of Aedes (Stegomyia) mattinglyorum 

n. sp. are described and illustrated. Characters for distinguishing the adults of 4e. mat- 

tinglyorum from closely allied species are given. The distribution of 4e. mattinglyorum 

is based on examined specimens. 

Key Words: 

A new species of Aedes (Stegomyia), which 

is very similar to the Aedes (Stegomyia) den- 

drophilus Edwards (1921) and belongs to the 

dendrophilus group, was collected in West 

Africa (Sierra Leone and Ivory Coast). Ad- 

ditional specimens, misidentified as Ae. 
dendrophilus, were found in collections from 

the Services Scientifiques Centraux, Office 

de la Recherche Scientifique et Technique 

Outre-Mer (ORSTOM), the Division of 

Vector Borne Diseases (DVBD), Nairobi, 
Kenya, and The Natural History Museum 

(BMNH). Larvae of the new species often 

have been collected with larvae of Ae. den- 

drophilus in tree holes from a coffee plan- 

tation in Dezidougou, and in plastic bottles 

placed on ORSTOM study towers in forests 
from Dezidougou and Kofidougou, Ivory 
Coast. 

Because the new species is microsympat- 

ric with de. dendrophilus Edwards, it is de- 

sirable to describe it here to avoid future 

confusion between it and Ae. dendrophilus, 

and point out, once again, that closely sim- 

ilar Stegomyia species are frequently found 

in the same larval habitat. The biting habits 

of this new species and its potential as a 

vector of human pathogens are unknown. 

Culicidae, mosquitoes, Aedes, dendrophilus group 

MATERIALS AND METHODS 

This study is based on specimens col- 

lected by the Systematics of 4dedes Mosqui- 
toes Project (SAMP), Department of En- 

tomology, National Museum of Natural 

History, Smithsonian Institution (USNM), 

and on specimens borrowed from the in- 

stitutions mentioned in the acknowledg- 

ments section. Distributional records are 

listed in the following order and format: cur- 

rent country (capital letters), administrative 

division where known (italics), and place 

name (first letter capitalized). 

The terminology follows that of Harbach 

and Knight (1980, 1982) with the exception 

of “tarsal claws” which ts retained for “un- 
gues,” and the venation which follows that 

of Belkin (1962). 

Aedes (Stegomyia) mattinglyorum 

Huang, New Species 

Figs. 1-4 

Female.— Head: Proboscis dark-scaled, 
without pale scales on ventral surface, lon- 

ger than forefemur; maxillary palpus 0.19- 
0.22 length of proboscis, dark, with white 
scales on entire dorsal surface of palpomere 
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5mm/, 

Aedes (Stegomyia) mattinglyorum n.sp 

Fig. 1. tedes (Stegomyia) mattinglyorum n. sp. A, Dorsal aspect of the thorax of the paratype female. B, 

Anterior surface of the female legs. C, Anterior surface of the male legs. D, Female tarsal claws (fore- and 

hindlegs). E, Male tarsal claws (fore- and hindlegs). 
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4; pedicel covered with white scales except 

on dorsal surface, and with a few dark scales 

on flagellomere 1; clypeus bare; occiput with 

few erect forked scales; a row of broad white 

scales around margin of eye; vertex with a 

median stripe of broad white scales, with 

broad dark scales on each side interrupted 

by lateral stripe of broad white scales, fol- 

lowed ventrally by a patch of broad white 
scales. Thorax (Fig. 1A): Antepronotum 

with broad white scales; postpronotum with 

a small patch of broad white scales and a 

few dark narrow scales dorsally; scutum with 

narrow dark scales, and a distinct median 
white spot of broad scales on anterior prom- 

ontory, with a short median longitudinal 

stripe of narrow white scales, extended to 

prescutellar area, absent on anterior 0.5-0.6 

of scutum:; prescutellar line of narrow white 

scales usually not present, with only a few 

narrow white scales; fossal area with a large 

patch of broader crescent-shaped white 

scales; posterior dorsocentral white line of 

narrow scales present, reaching to posterior 

0.4 of scutum; a patch of narrow white scales 

on lateral margin just in front of wing root: 

acrostichal setae absent: dorsocentral setae 

present; scutellum with broad white scales 

on all lobes and with a few broad dark scales 

at apex of midlobe; paratergite with broad 

white scales; postspiracular area without 

scales; hypostigmal area without scales; 

patches of broad white scales on propleu- 

ron, subspiracular area, upper and lower 

portions of mesokatepisternum, and on 

mesepimeron; upper mesokatepisternal 

scale patch not extended to anterior corner 

of mesokatepisternum; upper mesepimeral 

scale patch connected with lower mesepi- 

meral scale patch; lower mesepimeral scale 

patch much reduced or absent: lower mes- 

epimeron without setae; metameron and 

mesopostnotum bare. Wing: With dark 

scales on all veins except for a minute basal 

spot of white scales on costa; cell R, 3.4— 

3.7 length of vein R,,,;. Halter; With dark 

scales. Legs (Fig. 1B): Coxae with patches 
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of white scales; white knee-spot absent on 

forefemur, present on mid- and hindfem- 

ora; forefemur anteriorly with a narrow, 

white longitudinal stripe on ventral surface 

in basal 0.17-0.33; midfemur anteriorly 
without a large, median white spot: hind- 

femur anteriorly with a broad, white lon- 

gitudinal stripe in basal 0.57-0.62 that wid- 

ens 0.22-0.29 from base; foretibia anteriorly 

dark with a basal white band: midtibia an- 

teriorly dark, with a basal white spot on 

posterior surface; hindtibia anteriorly with 

a white longitudinal stripe on ventral sur- 

face in basal 0.31-0.42: fore-and midtarsi 

with a basal white band on tarsomeres | 

and 2; foretarsomere | with basal 0.10-0.18 
white on dorsal surface; foretarsomere 2 with 

basal 0.26-0.39 white on dorsal surface; 
midtarsomere | with basal 0.15-0.29 white 

on dorsal surface; midtarsomere 2 with bas- 

al 0.86-0.97 white on dorsal surface; hind- 
tarsus with a basal white band on tarso- 

meres 1-5, ratio of length of white band on 

dorsal surface to total length of tarsomere 

is 0.21-0.30, 0.26-0.34, 0.27-0.33, 0.82- 
0.91 and 0.70-0.77; fore- and midlegs with 
tarsal claws equal, all toothed: hindleg with 

tarsal claws equal, both simple (Fig. 1D). 

Abdomen: Tergum I with white scales on 

laterotergite; terga II-III with basolateral 

white spots; terga IV-VII each with a basal 

white band and basolateral white spots that 

do not connect with basal white band; basal 

white band on terga VI-VII usually rather 

long, extended to 0.5—-0.6 length of tergum; 

sterna ITJ-VII each with a basal white band: 

segment VIII largely retracted. Genitalia: 

Apical margin of sternum VIII with a me- 

dian notch and with conspicuous rounded 

lateral lobes; insula longer than wide, with 

minute setae and with 3-5 larger setae on 

apical 0.5; tergum IX as long as broad, api- 

cal margin of tergum IX with well devel- 

oped lateral lobes, each with 5-9 setae: api- 

cal margin of postgenital plate with a median 

notch; cercus short and broad; 3 sperma- 

thecae, one larger than other 2. 
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Aedes (Stegomyia) mattinglyorum n. sp. 

Fig. 2. Aedes (Stegomyia) mattinglyorum n. sp. A, Dorsolateral aspect of the cephalothorax of the male pupa. 

B, Dorsal and ventral aspects of the metathorax and abdomen of the male pupa. C, Tergal aspect of the male 

genitalia. 
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Male.—Essentially as in female, differing 

in following sexual characters: Head: Max- 

illary palpus shorter than proboscis, pre- 

dominantly dark, with a white band at base 

of palpomeres 2-5, those on palpomeres 4 

and 5 dorsally incomplete; palpomeres 4 

and 5 subequal, slender, dorsally curved and 

with only a few short setae; antenna plu- 

mose, shorter than proboscis. Thorax. Pre- 

scutellar line of narrow white scales usually 

present. Wing: Cell R, 1.7-2.5 length of 

vein R,,;. Legs (Fig. 1C): Midtarsomere 2 
with basal 0.91-0.96 white on dorsal sur- 

face; hindtarsomere 4 with basal 0.65-0.84 

white on dorsal surface; hindtarsomere 5 
with basal 0.60-0.82 white on dorsal sur- 

face; fore-and midlegs with tarsal claws un- 
equal, the smaller one toothed, the larger 

one simple (Fig. 1E). Abdomen: Tergum III 
sometimes with a basal white band and ba- 

solateral white spots which do not connect 

with basal white band; sternum VIII with 

basolateral white spots. Genitalia (Fig. 2C): 

Gonocoxite 2.2 times as long as wide (width 

measured 0.5 from base), scales restricted 

to dorsolateral, lateral and ventral surfaces, 

with setae on dorsomesal surface, mesal sur- 

face membranous; claspette large, lobed, 
distal expanded portion oval in dorsal as- 

pect (lateral and mesal sides more or less 

parallel), with numerous simple setae on the 

expanded distal portion and bearing | 

strong, basally widened spine-like seta on 
basomesal corner; gonostylus simple, elon- 

gate, about 0.7 length of gonocoxite, with a 
long slender gonostylar claw at apex and 

with a few setae in apical 0.60; aedeagus 

strongly toothed; paraproct with a sternal 

arm; cercal setae absent; apical margin of 

tergum IX deeply concave medially with 8- 

12 setae on lateral lobe; sternum IX without 

setae. 
Pupa (Figs. 2A, 2B).—Cephalothorax: 

Trumpet about 3.3 times as long as wide 

(width measured 0.5 from base); setae 1, 

3-CT single, longer than 2-CT; 2-CT single; 
4-CT usually single (1-2); 5-CT usually 

double (1-3); 6-CT single, stout, slightly 
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longer than 7-CT; 7, 8-CT usually single (1—- 

2); 9-CT single, longer than 8-CT; 10-CT 
usually single (1-2), barbed, caudomesad of 

11-CT; 11-CT single, stout; 12-CT usually 

double (1-2). Abdomen: Seta 1-I well de- 

veloped, with more than 10 dendritic 

branches; 2-I single; 3-I single, long; 2-I and 
3-1 widely separated, distance between their 

bases about 1.5 times distance between those 

of 4-I and 5-I; seta 1-II usually double (2- 

4), barbed; 3-II, II usually single (1-2); 1-III 

usually single (1-3); 1-IV usually double (1- 

2); 2-IV, V anteromesad of 1-IV, V respec- 

tively; 5-IV-VI usually single (1-2), short, 
not extended beyond posterior margin of 

following segment; seta 9-I-II small, single, 
simple; 9-III-VI single, simple; 9-VIIT usu- 

ally double (1-2) and barbed; 9-VII, VIII 

much longer and stouter than 9-I-VI; 9-VIII 

usually with 4 branches (3-7) and barbed. 

Paddle: Oval, about 1.3 times as long as 
wide; margins with distinct denticles, with- 

out fringe of long seta-like spicules; seta 1-P 

single. 

Larva (Fig. 3).—Head: Antenna short, 
less than 0.5 length of head, without spic- 

ules: seta 1-A inserted in apical 0.5 of shaft, 

single; inner mouthbrushes apically pecti- 

nate; seta 4-C well developed, usually with 

4 branches (3-6), anteromesad of 6-C; 5-C 

usually single (1-2), long, barbed; 6-C usu- 

ally single (1-2); 7-C usually double (1-2); 

8-10, 13-C single; 11-C usually double (2- 
3), barbed; 12-C usually double (2-4); 14-C 

usually 3-branched (2-6), barbed; 15-C usu- 

ally 3-branched (2-3); mentum usually with 

11 (10-12) teeth on each side of central 

tooth. Thorax: Seta 1-P usually 3-branched 

(2-4), barbed; 2-P single; 3, 4-P usually dou- 

ble (2-3); 5-P usually double (2-4), barbed: 

6-P single, barbed; 7-P usually double (2- 

3), barbed; 9-P usually single (1-2); 11-P 

double; 14-P usually double (2-3); 5, 7-M 

single, barbed; 6-M usually 3-branched (2— 

3), barbed; 8-M usually 3-branched (3-4), 
barbed; 9-M double, barbed; 10, 12-M sin- 

gle, long, stout and barbed; 11-M single, 

small; 7-T usually with 4 branches (4-5), 
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barbed; 9-T double, barbed; 10, 11-T sim- 

ilar to those on mesothorax; 12-T much re- 

duced, single, simple; basal spine of meso- 

and metapleural setal groups long, apically 

pointed. Abdomen: Seta 6-I usually 

3-branched (2-4), barbed; 7-I single, barbed; 

6-II usually double (2-3), barbed; 6-III-VI 

double, barbed; 7-II usually single (1-2), 

barbed; 1-VII double, barbed; 2-VII usually 

single (1-2); 2-VIII distant from 1-VIII; 1, 

5-VIII usually double (2-3), barbed; 3-VIII 

usually with 4 branches (3-5), barbed; 2, 

4-VIII single; comb with 9-10 scales in a 

row, each scale with free portion widened 

at base and sharply pointed at apex, and 

with fine denticles basal of apical spine; sad- 

dle incomplete, marginal spicules very small 

and inconspicuous; seta 1-X double, barbed; 

2-X double; 3-X single; 4-X with 4 pairs of 

setae on grid, 4a, b, c-X double, 4d-X usu- 

ally double (1-2); no precratal tufts; anal 

papillae subequal, about 2.0 times length of 

saddle, sausage-like. Siphon: 2.4 times as 

long as wide 0.5 from base, acus absent; 
usually with 12 (11-17) pecten spines, even- 

ly spaced, with apical 1—2 spines widely sep- 

arated from remainder, each spine usually 

with fine denticles on ventral side, or some- 

times on both sides; seta 1-S usually double 

(1-2), barbed, inserted at middle of siphon 

and before last pecten spine. 

Type data.— Holotype male (SAMP Acc. 

1093/Sierra Leone 1984, #30-26, Y. M. 

Huang), with associated larval and pupal 

skins on slide, with genitalia on slide (92/ 

399), Tiwai Island (7°30'N, 11°20’W) (on 

the Moa River), Potoru, Southern Province, 

SIERRA LEONE, collected as larva from a 

plastic bottle, placed on a tree, about 1.5 m 

above ground level, partially shaded, in the 
forest, 7-V-1984 (Y. M. Huang). Deposited 

in the National Museum of Natural History, 

Smithsonian Institution, Washington, D.C. 

[USNM]. Paratypes (SAMP Acc. 1093): 3 

males (#30-12, -13, -29), with associated 

larval and pupal skins on slides, with gen- 

italia on slides (92/398, 92/192, 92/193) and 

4 females (#30-23, -24, -25, -27, -28), with 

associated larval and pupal skins on slides, 

with genitalia on slides (92/194, 92/195), 

same data as holotype [USNM]; | male (#30- 

21), with associated larval skin on slide, with 

genitalia on slide (92/196) and | female (#30- 

22), with associated larval skin on slide, 

same data as holotype [USNM]; 3 males 

(#30-101, -102, -103), with associated pu- 

pal skins on slides, with genitalia on slides 

(92/197, 92/198, 92/199) and 1| female (#30- 

106), with associated pupal skin on slide, 

same data as holotype [USNM]; | 4th-instar 

larva (#30), same data as holotype [USNM]. 

Other material examined.—GHANA.— 

Eastern Region: Nsawam (5°48'N, 0°20'W), 

Gold Coast, 14-IV-1920, Dr. A. Ingram, 
(B.M., 1920-227), from larvae in rot hole 

in Cotton tree, | 2(MEP Acc. 719) [BMNH]; 

Aburi (5°51'N, 0°10’W), Gold Coast, 6-VI- 

1920, Dr. A. Ingram, (B.M., 1921-45), ba- 

nana, | 2 (MEP Acc. 719) [BMNH]. Accra 

Region: Accra (5°33'N, 0°13'W), Gold 

Coast, 1920-23, J. W. S. Macfie, 1 6 (#77), 
2 2 (#78, #80), 1 6 gen (MEP Acc. 719, 92/ 

184) [BMNH]; same data, | 4, 1 2, | 6 gen 

(MEP Acc. 719, 92/185) [BMNH]; same 

data, 1 6, 1 6 gen (MEP Acc. 808, 92/190) 

[DVBD]; same data, 1 4, 1 6 gen (MEP Acc. 

1036, 92/191) [DVBD]. 
IVORY COAST.—Sud, Departement du: 

Abidjan (5°19'N, 4°02’W), 4—5-VI-1959, J. 

Hamon, 2 2 (MEP Acc. 724) [ORSTOM]; 

same data except 2-V-1985, Y. M. Huang, 

plastic bottles placed on trees, 1.0-1.5 m 

above ground (IV 7, IV 28), partially shad- 

ed, in forest, 3 4, 1 °, 4 individual rearings 

(41, 4 p), 1 L, 1 6 gen (SAMP Acc. 1138, 

IV 7, 92/613) [USNM]; Daine (6°29'N, 

8°32'W), 24-III-1960, J. Hamon, tree hole, 

1 6, 1 6 gen (MEP Acc. 724, 92/187) [OR- 

STOM]; Eremankono (5°33’N, 5°22'W), 

8-VIII-1963, J. Hamon & Brengues, | 2 

(MEP Acc. 724) [ORSTOM]; Tiassale 

(6°02'N, 4°50’W), VI-1965, J. Hamon, | 2 

(MEP Acc. 724) [ORSTOM]; Tiassale, Ville 

(4°38'N, 6°55’W), 16-VI-1965, J. Hamon, 
light trap, 1 2 (MEP Acc. 724) [ORSTOM]. 

Est, Departement de |’: Bondoukou, Goli 
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Aedes (Stegomyia) mattinglyorum n. sp. 

Fig. 3. Aedes (Stegomyia) mattinglyorum n. sp. fourth instar larva. A, Dorsal (left) and ventral (right) aspects 

of the head. B, Dorsal (left) and ventral (right) aspects of the thorax and abdomen. C, Lateral aspect of the 

terminal abdominal segments. 
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(8°04'N, 2°51'W), 14-VI-1967, J. Hamon & 
G. Pichon, 1 (MEP Acc. 724) [ORSTOM]; 
Tangamourou, Tanda (7°36’N, 3°12’W), 15- 
VI-1967, J. Hamon & G. Pichon, | 2 (MEP 

Acc. 724) [ORSTOM]; Taban (7°59'N, 
3°04'W), 15-VI-1968, 1 6, 1 6 gen (MEP 
Acc. 724, 92/189) [ORSTOM]. Centre, De- 

partement du: M’Bahiakro, Dezidougou 

(7°44'N, 4°16’W), 22-V-1985, B. Bouchite, 
sweeping, | 6, 1 6 gen (SAMP Acc. 1138, 

IV 167, 92/401) [USNM]; same data except 

24-V-1985, Huang & Pecor, plastic bottles 

placed on ORSTOM study tower, 4 m above 

ground (IV 148, IV 149), 17 4, 13 9, 30 

individual rearings (18 1, 27 p), 2 L, 2 46 gen, 

1 2 gen (SAMP Acc. 1138, IV 148, 85/211, 
85/212; IV 149, 92/610) [USNM]; same 
data except 16 m above ground (IV 137, IV 

138, IV 139), 7 4, 7 9, 6 individual rearings 

(51,6 p), 1 égen, 1 gen (SAMP Acc. 1138, 
IV 138, 92/608, 92/609) [USNM]; same data 

except 26-30-V-1985, Huang & Pecor, small 

tree holes (coffee tree), 0.33-3.0 m above 

ground (IV 194-IV 197, IV 200-IV 202, IV 
232, IV 237, IV 241-IV 245, IV 247-IV 
254, IV 256, IV 258; IV 2592 IV. 263-1V 
265; DV 269 We 27 LV 2735 IV 2716; LV. 
279, IV 281), partially shaded in coffee 

plantation, 61 6, 52 2, 20 individual rearings 

(17 1, 20 p), 3 6 gen (SAMP Acc. 1138, IV 
248, 92/615; IV 249, 92/616; IV 258, 92/ 

617) [USNM]; same data except 27-V-1985, 

Huang & Pecor, leaf axils (pineapple), par- 

tially shaded, 3 4, 3 2, 6 individual rearings 
(41, 6 p) (SAMP Acc. 1138, IV 206, IV 209) 
[USNM]; same data except 29-V-1985, 

Huang & Pecor, rot hole (coffee tree), par- 

tially shaded, in coffee plantation, 3 6 (SAMP 

Acc. 1138, IV 255) [USNM]; same data ex- 

cept 30-V-1985, Huang & Pecor, stump 

hole, 0.33 m above ground, partially shad- 

ed, 5 6, 4 2 (SAMP Acc. 1138, IV 270) 
[USNM]; same data except log hole on 

ground, partially shaded, 3 6, 2 2 (SAMP 

Acc. 1138, 1V 272) [USNM]; same data ex- 

cept large pot on ground, | ¢ (SAMP Acc. 

1138, IV 282) [USNM]; same data except 

2-VI-1985, Huang & Pecor, stump hole, 

partially shaded, 5 6, 42 (SAMP Acc. 1138, 

IV 299) [USNM]; same data except 2-4-VI- 

1985, Huang & Pecor, tree holes, 0.33-2.0 
m above ground, 27 6, 30 @ F (SAMP Acc. 

1138, IV 293, IV 304, IV 306, IV 307, IV 

309, IV 311, IV 314, IV 315, IV 317-IV 

320, IV 325, IV 328-IV 332) [USNM]; Ko- 

fidougou (7°45'N, 4°19’W), 26-V-1985, 

Huang & Pecor, plastic bottles placed on 

ORSTOM study tower, 12 m above ground 
(IV 158, IV 161), 8 4, 13 9, 21 individual 

rearings (10 1, 17 p), 8 L, 2 6 gen (SAMP 

Aces Wisse IV) 1GHe 85/2162 85/ 217) 

[USNM]; same data except 28-V-1985, 

Huang & Pecor, leaf axil (lily), partially 

shaded, 1 6 (SAMP Acc. 1138, IV 224) 

[USNM]; KM 2, 24-V-1985, Huang & Pe- 

cor, plastic bottle placed on ORSTOM study 

tower, 9 m above ground, 6 4, 4 2, 10 in- 

dividual rearings (10 1, 10 p), 3 L, 2 4 gen, 

1 2 gen (SAMP Acc. 1138, IV 157, 92/611, 
92/612, 92/614) [USNM]. Ivory Coast (Cote 

d@’ Ivoire), 8-III-1956, J. P. Adam, bamboo, 

1 3 (#002), 1 2 (#004), 1 6 gen (MEP Acc. 

724, 92/601) [ORSTOM]. 
NIGERIA.— Western: Ibadan (7°23'N, 

3°50’E), VII-VIII-1929, H. W. Kumm, 
(B.M., 1929-591), 1 4 (#30), 1 6 gen (MEP 

Acc. 719, 92/186) [BMNH]. 
SIERRA LEONE. — Western area: Free- 

town (8°30/N, 13°10’W), IX-1914, Dr. G. 

Butler, (B.M., 1915-201), larva in tree hole 

at hill station, 1 @, 1 2 gen (MEP Acc. 719, 

92/224) [BMNH]. Southern Province: T1- 

wai Is. (7°30/N, 11°20'W), 7-V-1984, Y. M. 

Huang, (SAMP Acc. 1093), plastic bottles 

placed on trees, 0.5-2.0 m above ground, 
deeply shaded, in forest, 15 6, 28 2 (#3, #4, 

#10, #17, #18, #25-#27), 43 individual 

rearings (24 1, 26 p), 4 6 gen (SAMP Acc. 

1093, #27, 85/230, 85/231; #18, 92/266, 

92/267), 2 2 gen (SAMP Acc. 1093, #25, 
92/268; #26, 92/269) [USNM]; same data 

except 0.5-2.0 m above ground, partially 

shaded, in forest, 22 4, 24 2° (#5-#7, #12, 

#28, #29, #32), 46 individual rearings (30 

1, 44 p), 26 gen (SAMP Acc. 1093, #29, 92/ 

270; #32, 92/271), 22 gen (SAMP Acc. 1093, 
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Fig. 4. 

#6, 92/275; #32, 92/341) [USNM]; same 

data except 3.5 m above ground, deeply 

shaded, in forest, 2 4 (#1-21, 107), 2 indi- 

vidual rearings (1 1, 2 p), 1 L (#1), 1 6 gen 

(SAMP Acc. 1093, 92/272) [USNM]; same 

data except 5.5 m above ground, partially 

shaded in forest, 1 6 (#13-100), 1 2 (#13- 

12), 2 individual rearings (1 1, 2 p), 1 4 gen 

(SAMP Acc. 1093, 92/273) [USNM]; same 

data except 15-V-1984, Y. M. Huang, tree 

hole, 2.33 m above ground, partially shad- 
ed, | ° (#82-11), 1 individual rearing (1 1, 

1 p), 1 @ gen (SAMP Acc. 1093, 92/274) 

[USNM]; same data except 8-VI-1984, Y. 

M. Huang, bamboo stump, 1.33 m above 

ground, partially shaded, 3 4 (#196-12, 13, 

100), 3 individual rearings (2 1, 3 p), 2 6 gen 

Distribution of Aedes (Stegomyia) mattinglyorum n. sp. in Africa based on specimens examined. 

(SAMP Acc. 1093, 85/232, 85/233) 
[USNM]; Kasewe Forest Reserve (8°19’N, 

12°13'W), 29-V-1984, Huang & Pecor, tree 

hole, 1.33 m above ground, partially shad- 

ed, 1 4, 1 2 (#153-10, 11), 2 individual rear- 

ings (2 1, 2 p) [USNM]. 

Distribution (Fig. 4).— Aedes mattinglyo- 

rum is known from Ghana (Gold Coast), 

Ivory Coast (Cote dIvoire), Nigeria, and 

Sierra Leone. The distribution records of 
Ae. dendrophilus from the Afrotropical Re- 

gion will require confirmation owing to con- 

fusion with Ae. mattinglyorum. 
Etymology.—This species is named to 

honor Dr. Peter F. Mattingly and his wife, 

Christine, in appreciation of their kindness 

to me while visiting the Natural History 
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Museum, London, and in recognition of Dr. 

Mattingly’s many contributions to our 

knowledge of the family Culicidae. 

Taxonomic discussion.—Aedes (Stego- 

myia) mattinglyorum is a member of the 

dendrophilus group, which contains, at least, 
the following 10 species and subspecies (Ae. 

dendrophilus Edwards, 1921; Ae. masseyi 
Edwards, 1923; Ae. deboeri Edwards, 1926; 
Ae. bambusae Edwards, 1935; Ae. demeil- 
loni Edwards, 1936; Ae. amaltheus de Meil- 

lon and Lavoipierre, 1944; Ae. keniensis Van 

Someren, 1946a; Ae. bambusae ssp. kenyae 
Van Someren, 1946b; Ae. heischi Van So- 

meren, 1951 and Ae. mattinglyorum n. sp.). 

The dendrophilus group is characterized by 

the following combination of characters: (1) 

maxillary palpus with white scales; (2) scu- 

tum with dorsocentral setae, and (3) with a 

distinct patch of white or yellow scales on 

fossal area; (4) subspiracular area with broad 

white scales; (5) postspiracular area without 

scales; (6) paratergite with broad white 

scales; (7) scutellum with broad white scales 

on all lobes; (8) white knee-spot absent on 

forefemur, present at least on midfemur; (9) 

midfemur without a large, median white spot 

on anterior surface; (10) hindtarsus with a 

basal white band at least on tarsomeres | 

and 2, and tarsomere 3 with or without bas- 

al white band. Aedes mattinglyorum differs 
from congeners of the dendrophilus group 
by the following combination of characters: 

(1) scutum with anterior median white spot 

of broad scales; (2) hindtibia with a white 

longitudinal stripe on ventral surface in bas- 

al 0.3 1-0.42; (3) hindtarsomere 3 with basal 

0.27-0.33 white on dorsal surface; and (4) 

hindtarsomeres 4 and 5 with basal white 

band. 

Adults of Ae. mattinglyorum closely re- 

semble those of Ae. dendrophilus in the scu- 
tal markings but can be distinguished from 

the latter by the scutum with anterior me- 

dian white spot of broad scales. This same 

character state of Ae. mattinglyorum is ex- 

tremely similar to Ae. keniensis. However, 
Ae. mattinglyorum can be distinguished eas- 

ily from Ae. keniensis by the hindtibia with 
a white longitudinal stripe on ventral sur- 

face in basal 0.31-0.42 and by the hindtar- 

somere 5 with the basal 0.60-0.82 white on 

the dorsal surface. In Ae. keniensis, the 

hindtibia has no white stripe on the ventral 

surface in the basal area and hindtarsomere 

5 is all dark. 

The male genitalia of de. mattinglyorum 

are easily differentiated from all other spe- 

cies in the dendrophilus group by the clasp- 

ette, which has the distal expanded portion 

oval in dorsal aspect (lateral and mesal sides 

more or less parallel), with numerous sim- 

ple setae on the expanded distal portion and 

bearing | strong, basally widened, spine-like 

seta on the basomesal corner. 

Aedes mattinglyorum is apparently a West 

African forest species. Based on the present 

collection data, Ae. mattinglyorum occurs 

in habitats at altitudes between <166 and 

466 m (<500-1400 ft) with yearly rainfall 
of 63.5-406.4 cm (25-160 in). 
Remarks. — Edwards (1941: 140) treated 

Aedes (Stegomyia) dendrophilus as a single 
species. In a discussion on variation, how- 

ever, Edwards (1941: 141) noted: “Two 

forms are distinguishable in the material in 

the British Museum: A very small form... ; 

and a larger form... . The type series from 

Oblogo all belong to the small form, but 
both are represented among the specimens 

from Nsawam. Both lots were reared from 

tree-holes’, and he considered both forms 
as Aedes (Stegomyia) dendrophilus. 

Edwards’ (1941) concept of Ae. dendroph- 

ilus as a single species is incorrect as he did 
not realize that Ae. dendrophilus included 

two distinct species, usually sympatric, that 

are difficult to separate morphologically. 

However, the specimens that Edwards 
(1941: 141) regarded as a larger form of Ae. 

dendrophilus in the BMNH collection are 

not Ae. dendrophilus, but are the new spe- 

cies Ae. mattinglyorum. 
Bionomics.—The immature stages of Ae. 

mattinglyorum have been collected from the 
following: tree holes in Ghana, the Ivory 
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Coast, and Sierra Leone: rot holes and leaf 
axils (banana, pineapple, lily) in Ghana and 

the Ivory Coast; stump holes and log hole 

in the Ivory Coast; bamboo pots and bam- 

boo stump in the Ivory Coast and Sierra 

Leone; plastic bottles placed on trees in for- 

ests on Tiwai Island, Sierra Leone and in 

Abidjan, Ivory Coast, and on study towers 
in Dezidougou and Kofidougou, Ivory 

Coast. The female of this species has been 

collected from a light trap in Ville, Ivory 

Coast. 
Aedes mattinglyorum has been collected 

with Ae. africanus (Theobald) from Tiwai 

Island, Sierra Leone; it also occurs with Ae. 

dendrophilus from Nsawam, Ghana, and 
Dezidougou and Kofidougou, Ivory Coast. 

Medical importance.— Unknown. 
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A NEW GENUS OF DIXIDAE (DIPTERA) FROM THE PHILIPPINES 
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01003. 

Abstract. —A new dixid genus and species from the Philippines is described and illus- 

trated. It is Metadixa n. gen. with M. tritiara n. sp. A key to the world genera, based on 

larval characters, is included. 

Key Words: 

The dixids of the world are distributed 

among 6 previously described genera. Uni- 

formity in overall morphology of adults 

makes placement of species in the proper 

genera difficult. Morphology of larvae, how- 

ever, is sufficiently distinct to assign them 
to appropriate genera. Consequently, larval 

specimens and, particularly, adults reared 

from larvae are of great taxonomic value in 

studying relationships among the Dixidae. 
While sorting through the dixid collection 

at the University of Massachusetts, the se- 
nior author found one specimen from the 

Philippines that differs significantly from all 

others examined by the authors. It is de- 
scribed below, followed by a key to the lar- 

vae of dixid genera of the world. 

The single specimen of the new genus be- 

longs to the Insect Collection of the Uni- 

versity of Massachusetts. It was originally 

slide mounted in some aqueous mounting 

medium, from which it was removed and 

placed into a temporary slide mount of glyc- 

erine, so that all aspects could be examined. 

It will be kept in an alcohol-glycerine so- 

lution to facilitate future study. 
The morphological terms used in the de- 

scription of the new genus follow Peters and 

Adamski (1982) and are also used in the 

Dixidae, new genus, Philippines, Diptera 

comparisons of the other dixid genera in the 

key. Chaetotaxy follows Belkin (1968). 

Generic comparisons of larvae were made 
from the dixid holdings of the University 

of Massachusetts (approximately 700 slides 

or vials of reared specimens), and from 

specimens loaned by other institutions. 

Metadixa Peters, New GENUS 

Type species.—Metadixa tritiara, new 

species. Characters of the type species sim- 

ilar to other species included in tribe Dixini; 

differing from Dixa (Nothodixa) Edwards, 

1930 as redescribed by Belkin (1968) (type 

species Dixa campbelli Alexander) in the 

diagnostic features described below. 
Larva.—Dorsal coronae of aciculate spi- 

nules present only on abdominal segments 

IlI-V. Paired prolegs on venter of AI—AII 

densely invested with heavily pigmented 

crochets; prolegs of AII distinctly smaller 

than those of Al. Ambulacral combs present 

on venter of AV—-AVII. Anal comb absent. 

Metadixa tritiara Peters, 

NEw SPECIES 

Figs. 1-3 

Larva.—Head: Head capsule ovoid, 
broad; length: width ratio = 0.82; moder- 
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Fig. 1. Metadixa tritiara n. sp. Fourth instar larva. Split drawing (left = dorsal, right = ventral). 

Ne Ww 
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Figs. 2, 3. Metadixa tritiara n. sp. Fig. 2. Details of cephalic chaetotaxy. Split drawing (left = dorsal, right 

= ventral). Fig. 3. Details of caudal end of abdomen. Split drawing (left = dorsal, right = ventral). 
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ately emarginate along dorsal and ventral 

caudal borders; collar not developed; labial 

process narrow, rounded distally. Infusca- 

tion of caudal margin of head capsule broad 

laterally, narrowed and broken dorsally and 

ventrally; distinct dark patch at center of 

caudal border of clypeus. Seta 8-C present; 

seta 4- and 5-C closely associated, distance 
between setae 4 much greater than between 

4 and 5. Seta 6-, 9- and 10-C near midlevel 

of head capsule. Setae 6-C removed mesad 

from lateral edge of clypeus. Seta 12- and 

13-C with alveoli adjoining; seta 14- and 

15-C both single, latter smaller. Antenna: 

Short, less than 2 length of head, relatively 
straight and of similar diameter throughout 

length except for slight thickening at base. 

Seta 1-A inserted about 0.6 of distance from 
base; triangular spinules along entire ventral 

surface; no other setae along shaft. Thorax: 

Ventral prothoracic setae short, less than 3 

length of thorax, slightly longer than head 

capsule; ratio length prothoracic setae: 

length head capsule = 1.17. Ventral pro- 

thoracic setae arranged 1:1:4:1::1:4:1:1, 

narrow, rather dense band of fine spinules 

between setal bases. Seta 1-, 2-P at same 
level; seta 2-M and 3-T with alveoli con- 

tiguous. Abdomen: Paired prolegs ventrally 
on Aland AI], invested thickly with heavily 

pigmented crochets; prolegs of segment two 

distinctly smaller than those of segment one. 

Seta 13-I, II distinctly removed from and 

mesal to base of prolegs. Seta 2, 3-I-IV with 
bases adjoined. Dorsal coronae on AIII-V 

only, consisting of circular band of aciculate 

spinules surrounding a smaller circular band 

of finer spinules and a central field of tu- 

bercles. Seta 2, 3-V with bases more widely 

separate than seta | and 2. Ventral ambu- 

lacral combs on AV-AVII, each consisting 

of a row of 10-13 stout, slightly curved, 
erect spines alternating with more slender 

and recumbant spines; rows at right angle 

to longitudinal axis, parallel to each other. 

Each comb divided in half, halves flanking 

a small hour-glass shaped median plate. 
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Venter of AVII with prominent median 

caudal patch of dense dark spinules. Seta 
10, 11-VII short, not reaching segment VIII. 

Spiracular apparatus: Spiracles large with 

broad, scalloped peritreme. Metaspiracular 

plate small. Paraspiracular seta 3 conspic- 

uously double-trunked:; paraspiracular seta 

4 distinctly smaller than seta 5, bases con- 

tiguous. Postspiracular processes lanceo- 

late, small; length about 1.5 spiracular 

(peritreme) diameter. Conspicuous small 

dense patch of spinules lateral to paraspi- 

racular setae and anterior to each spiracle. 

Posterolateral processes without apical 

pointed process; marginal setae lightly 

feathered. Possible base of seta 9-IX visible, 
seta 8 not evident. Anterolateral plates well 

defined and sclerotized, each with single row 
of simple pectinate spines posteriorly and 

ventrally, with incomplete row of much 

weaker spines behind row on plate. Seta 1-IX 

simple, long, inserted on dorsal '2 of plate. 

Anal segment: Saddle well developed, bell- 

shaped, without distinct suture separating 

postanal process. Ventrolateral processes 

separate from saddle, elongate. Seta 4A-X 

thick, long, with base on ventrolateral plate: 
length 0.88 of basal saddle plus postanal 

process; seta 4B much finer and shorter, its 

base near dorsal edge: seta 4C similarly fine 

and short, base dorsal to ventrolateral plate. 

Anal comb absent. Postanal process slen- 

der, slightly flared posteriorly, microspinose 
dorsally, with only a few spinules ventrally; 
prominent stout apical point. Setae 1-3 of 

postanal process short and smooth, no more 

than 1.6 length of postanal process plus 

saddle. 

Holotype. —Larva, preserved in alcohol- 

glycerine. 

Type locality.—Philippine Islands, col- 

lected by Hamilton Laudani in 1945 (see 
discussion). 

Specimen examined.— Holotype larva, 

deposited in the Peters dixid collection, De- 

partment of Entomology, University of 
Massachussetts, Amherst, Massachusetts. 
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The new genus and species is to be at- 

tributed to the senior author. 

GENERIC Key To Drxip LARVAE 

OF THE WORLD 

lSeCoronaeypresent seseie ce eee cee ee ee 2 

=. Coronaciabsentaynrs- toon ic eae eee 6 

2. Coronal setae palmate .. . Paleodixa Contini 

@oronallisetac:aciculate, 2. = .:c-cia cee een 3 

3. Coronae on abdominal segments III-V .... 

cof cic aR ei ee Se ee ad ee Metadixa Peters 

— Coronae on abdominal segments II-VI] ..... 4 

4. One pair of abdominal prolegs 

.... Meringodixa Nowell 

Two pairs of abdominal prolegs .......... 5 

5. Ambulatory combs on abdominal segments V— 

AIL Se 8? ae et 8 hae Be Dixa Meigen 

— Ambulatory combs on abdominal segments V— 

NAC Pn RR et ee F Nothodixa Edwards 

6. Ambulatory combs on abdominal segments V— 

WAL Ge cet eee Ree Mesodixa Belkin 

— Ambulatory combs on abdominal segments V— 

\Y/) 1 Se . Dixella Dyar & Shannon 

DiIscUSSION 

We wrote to Hamilton Laudani, now re- 

tired from a career in the U.S. Department 

of Agriculture, to determine if he could 
identify where in the Philippines he had col- 

lected the meniscus midge described above. 

He responded, saying that he collected the 

dixid when he was in the 3rd Malaria Unit 
of the U.S. Army during World War II. 
Whatever spare time he had was devoted 

(at least partially) to collecting insects, which 

he then sent to “Doc Alex” (Charles P. Al- 

exander) at the University of Massachu- 

setts. Because the rules of censorship for- 

bade Laudani from identifying locations 
where he collected, he could only include 

dates. After the war ended he sent “Doc 
Alex” a list of island names to match up 

with the collection dates. He states that he 

was on Luzon, Cebu, and Negros in 1945, 

and since “‘conditions on Luzon were not 
very conducive for insect collecting” that “I 

would guess it came from Negros.” 
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SURVIVAL OF DIPTERAN PARASITOIDS (DIPTERA: TACHINIDAE) 
DURING A VIRUS-INDUCED GYPSY MOTH 

POPULATION COLLAPSE 

GEOFFREY B. WHITE AND RALPH E. WEBB 

USDA, ARS, Insect Biocontrol Laboratory, Beltsville Agricultural Research Center, 

Beltsville, Maryland 20705. 

Abstract.—A population of gypsy moth, Lymantria dispar (L.), in Garrett County, 

Maryland was examined for parasitoids and infection of Lymantria dispar nucleopoly- 

hedrosis virus (LAdMNPV). Total parasitism was 19.5% and 22.8% for two cohorts of 

gypsy moth and over 70% of the parasitized larvae were also infected with virus. Comp- 

silura concinnata (Meigen) was the most common of three tachinid species recovered. 

The tachinid parasitoids appear to be at least tolerant of virus infection in the host; 

however, their development may be influenced by a stressed host. 

Key Words: 

Several parasitoid species have been re- 

ported in association with Lymantria dispar 

(L.) in North America since its accidental 

introduction in the 19th century. Their 

presence is a result of intentional introduc- 

tion of parasitoids in early attempts at bi- 

ological control of the gypsy moth (Doane 

and McManus 1981). The Lymantria dispar 

nucleopolyhedrosis virus (LdMNPY) is an 

important pathogen of the gypsy moth that 

has also become established in North Amer- 

ica (Lewis 1981). Interest in interactions and 

interrelationships between LdMNPV and 

other organisms has been raised, especially 

since the virus has been investigated as an 

agent for suppression of gypsy moth (Lewis 
and Podgwaite 1981, Podgwaite at al. 1981). 

METHODS 

We assessed levels of parasitism in a gyp- 

sy moth population in Garrett County, 

Maryland, at a site where the composition 

of tree species was oak (Quercus spp.)/mixed 

hardwood. The gypsy moth population ap- 
peared to be collapsing from an LAMNPV 

Lymantria dispar, LAMNPV, Tachinidae, parasitoids 

epizootic. These observations were made in 

1991 as part of a field experiment to deter- 

mine activity of a spray adjuvant (enhanc- 

ing agent) with a formulation of LAMNPV 

(Gypchek). Evaluation of larvae collected 

from test plots before treatment indicated 

that greater than 18% of the collected larvae 

were fatally infected with naturally occur- 

ring LAMNPYV. A larval survey found in- 

stars 1, 2, and 3 at the time of spray 
application, which was May 21, 1991. Pro- 

portions of third instars were 60% and 69% 

at two survey areas; second instars com- 

prised 24% and 28% of the survey samples. 

Cohorts of gypsy moth larvae were collected 

randomly 19 days (n = 960) and 28 days (n 

= 940) after ground-based hydraulic appli- 

cation of the virus formulation and held 

individually in 30 ml diet cups in field in- 

sectaries. Larval mortality was monitored 
weekly beginning June 20, and all dead 

specimens were returned to the laboratory 
where they were frozen and later examined 

for LAMNPV infection and parasitism. The 

diet cups were examined for the presence of 
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Table 1. Number of parasitized gypsy moth larvae, 

by parasitoid species, Garrett County, Maryland, 1991. 

Cohort* D-19 D-28 
(n = 960) (n = 940) 

Ld- Not Ld- Not 
MNPV Infect- MNPV_Infect- 
Infected ed Infected ed 

Compsilura concinnata 124 29 93 26 

Exoristini** 4 8 2 21 

Blepharipa pratensis 3 0 or 12 

C. concinnata + 

Exoristini 2 2 1 1 

C. concinnata + 

B. pratensis 0 2 0 0 

C. concinnata + 

Cotesia melanoscela 2 1 0 2 

Diptera, undetermined 5 4 32 0) 

Cotesia melanoscela 19 6 3 5 

Hymenoptera, 

undetermined 3 1 0 0 

Total parasitized 162° 53 155 67 

* Cohorts were collected 19 and 28 days from date 
of spray application. 

** Presumed to be Parasetigena silvestris. Species 1n 
Exoristini cannot be determined from puparium (Sa- 

brosky and Reardon 1976). 

parasitoids that had exited the host, and 

dead gypsy moth larvae were dissected to 

determine if parasitoids were present. Tem- 

porary wet mounts of larval tissue were ex- 

amined under a light microscope for the 

presence of viral occlusion bodies. Data from 

the necropsies are summarized in Tables | 

and 2. 

RESULTS AND DISCUSSION 

Levels of parasitism in gypsy moth larvae 

by dipteran species were 19.5% for those 

collected on day 19 and 22.8% in those col- 
lected on day 28 (Table 1). Parasitism by 

hymenopterous parasitoids was 3.3% and 
1.1%, respectively. Of the gypsy moth lar- 

vae parasitized by Diptera, 73.9% and 70.8% 

were also infected with LAMNPYV in the re- 

spective cohorts. In addition to parasitism 

and virus infection, there was some mor- 

tality from undetermined causes (day 19 = 

13.0%; day 28 = 5.2%). Survivorship of the 

gypsy moth larvae in the two cohorts was 

14.3% for larvae collected on day 19 and 

25.7% for larvae collected on day 28. Comp- 

silura concinnata (Meigen) was the species 

for which superparasitism occurred most 
frequently, with 42 host specimens super- 

parasitized by this species. In most in- 

stances there were 2 per host; however, there 

were 5 hosts that had 3 individuals of this 
species and one caterpillar produced 6 C. 

concinnata puparia. Also, there were 2 in- 

stances where C. concinnata was found in 

the same host with Blepharipa pratensis 

(Meigen), 6 occurrences with Parasetigena 

silvestris (Robineau-Desvoidy), as well as 5 

instances with Cotesia melanoscela (Ratze- 

burg) (Hymenoptera: Braconidae). Since 

only 12.3% of the dipteran parasitoids were 

found as larvae within a dead host (Table 

2), it seems likely that in a situation where 

all the hosts were infected with LAUMNPV, 
parasitism could still be successful at levels 

similar to those observed in this study. Two- 

way contingency tests for each cohort in- 

dicate that the occurrence of virus infection 

and parasitization are significantly associ- 

ated (all parasitoid species combined) (x? = 

7.362, P=0.007 for cohort D-19; x? = 8.599, 
P = 0.003 for cohort D-28). 

Compsilura concinnata, the predominant 

species recovered in our study, has a re- 

ported host range of over 200 species (Sa- 

brosky and Reardon 1976). It may be more 

efficient at finding and parasitizing instars 
1-3 in low to moderate density populations 

(Weseloh 1982), but is capable of parasi- 

tizing later instars and can be a significant 

cause of mortality in the later larval stages 
(Gould et al. 1990). Our findings of a slight 
decrease in recovery of C. concinnata in the 

day-28 cohort over the day-19 cohort are 

perhaps a reflection of mortality of parasi- 

tized larvae that occured between collection 

dates. Cotesia melanoscela, a parasitoid of 

early instars (Doane and McManus 1981), 

was seen more frequently in the larvae col- 

lected on day 19. 
Parasetigena silvestris and Blepharipa 

pratensis are host specific and successfully 
parasitize only late instar gypsy moth larvae 
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Table 2. 

29) 

Dipteran parasitoids recovered from gypsy moth hosts, L€MNPV-infected and not infected, Garrett 

County, Maryland, 1991. Parasitoids that had not pupated are listed in brackets. 

Cohort D-19 

Host 
Infected 

Compsilura concinnata 148 [0] 

Exoristini 6 [0] 

Blepharipa pratensis 3 [1] 

Diptera, undetermined 5 [3] 

Totals 162 [4] 

(Sabrosky and Reardon 1976, Godwin and 

ODell 1981). They are physically unable to 
complete development in smaller hosts. The 

increase in parasitism by these species of 

the larvae collected on day 28 versus larvae 

collected on day 19 reflects synchrony of 
their life cycles with that of the host. 

Laboratory studies as well as field evi- 

dence suggest that parasitoids and other or- 

ganisms found in the gypsy moth habitat 

may play a role in the transmission and 
spread of LAMNPV (Podgwaite et al. 1981). 

Cotesia melanoscela has been shown to be 

an effective mechanical vector during ovi- 
position (Raimo et al. 1977); presumably C. 

concinnata can also transmit the virus be- 

cause of the invasive nature of oviposition 

(Culliney et al. 1992). Although it has been 

demonstrated that C. melanoscela is not af- 
fected adversely by an infection of Ld- 

MNPYV in its host (Lewis and Podgwaite 

1981), aerial application of LAMNPV (as 

Gypchek) has been shown to negatively 1m- 

pact C. melanoscela populations (Webb et 

al. 1989). 
Information derived from this study sug- 

gests that tachinid parasitoids are at least 

tolerant of LAMNPYV infection in the host. 
This conclusion is based on the high pro- 

portion of host larvae that were virus-in- 

fected, but from which parasitoids success- 

fully emerged, and the observation that most 
parasitoids appeared to be developing nor- 

mally at the time they were frozen for stor- 

age. However, infection of LAMNPYV in the 
gypsy moth population probably does affect 

Host Not Host Host Not 
Infected Infected Infected 

37 [0] 108 [3] 42 [0] 
10 [0] 26 [8] 23 [2] 
2 [1] 7 [4] 12 [0] 

4 [4] 32 [31] 0 [0] 
53 [5] 173 [46] 77 [2] 

the parasitoid populations. Weseloh (1984) 

demonstrated that several factors influ- 

enced the speed of development of C. con- 

cinnata. When host larvae were stressed by 

exposure to a Bacillus thuringiensis insec- 
ticide (Dipel 4-L®) the result was shorter 

developmental time and increased mortal- 

ity for this parasitoid. The decrease in C. 

concinnata recovered from the day 28 co- 

hort can perhaps be partially explained by 

a similar occurrence in hosts that were 

stressed and killed by LAMNPYV infection. 

The other tachinids, P. sy/vestris and B. pra- 

tensis, are probably also affected by a virus 

infection in the host. In a laboratory study, 

Godwin and Shields (1984) observed re- 

duced survival of B. pratensis coupled with 

enhancement of viral infection in the host 
when the eggs and viral inoculant were in- 

gested within one half hour of each other. 

Since their larval development occurs in the 

host’s late instars (Fuester et al. 1983, God- 
win and ODell 1981, Sabrosky and Reardon 

1976), these two parasitoids would be likely 

to compete with the virus for nutrients since 

infection often 1s peaking at this time (Woods 

and Elkinton 1987). In virus-infected hosts, 
we found proportionally more P. sylvestris 

and B. pratensis that had not pupated (Table 

2). This suggests such an occurrence. 
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(HERING) (DIPTERA: TEPHRITIDAE), A NATURAL ENEMY OF 

YELLOW STARTHISTLE 
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search Center, Albany, California 94710. 

Abstract. — Urophora sirunaseva (Hering) (Diptera: Tephritidae) is a natural enemy of 

yellow starthistle (Centaurea solstitialis L., Asteraceae) in its range from Greece eastwards. 

Females oviposit into host capitula, and lignified, unilocular galls are formed around the 

developing larvae in the receptacle. In laboratory studies, U. sirunaseva oviposited pref- 

erentially in closed, immature capitula with vertically oriented involucral spines. The fly 

posited an average of 136 eggs per female. The results of laboratory, no-choice, host- 

specificity tests of flies from northern Greece indicate a high degree of host specificity to 

yellow starthistle: U. sirunaseva reproduced on yellow starthistle, but not on closely related, 

North American native or commercially important species. 

Key Words: 

Yellow starthistle (Centaurea solstitialis 

L., Asteraceae) is an Eurasian annual that 

is a major weed of rangelands and other 

environments in the western United States 

(Maddox and Mayfield 1985, Maddox et al. 

1985, Roché and Roché 1988, Callihan et 

al. 1989). The weed’s area of gross infes- 

tation is ca. 3.2 million ha in California 

(Maddox and Mayfield 1985), ca. 400,000 

ha in Oregon (E. Coombs, pers. comm., 

1992), ca. 81,000 ha in Idaho (Callihan et 

al. 1989), and ca. 54,000 ha in Washington 

(Roché and Roché 1988). Yellow starthistle 

is highly invasive and is still expanding its 

naturalized range; its area of infestation in- 

creased ca. 420% in California between 1965 

and 1985 (Maddox and Mayfield 1985). The 

spiny capitula deter grazing by livestock, 

and ingestion of the plant by horses can lead 

to a fatal neurological disorder called nigro- 

pallidal encephalomalacia or “‘chewing dis- 

ease” (Cordy 1978). Yellow starthistle is 

presently the target of a biological control 

Insecta, Urophora, Centaurea, biocontrol of weeds, host specificity, gall 

research program in the United States (Tur- 

ner and Fornasari in press). 

Urophora sirunaseva (Hering) (Diptera: 

Tephritidae) is a natural enemy of yellow 

starthistle in its range from Greece east- 
wards. Females oviposit in yellow starthis- 

tle capitula, and lignified, unilocular galls 

are formed around developing larvae in the 

receptacle. The fly is bivoltine and over- 

winters as mature larvae in galls. The genus 

Urophora has been the subject of recent sys- 

tematic studies (White and Clement 1987, 

White and Korneyev 1989). White and 

Clement (1987) showed that U. sirunaseva 

from Greece could complete development 

on yellow starthistle from the United States. 

Field-plot, host-specificity tests were car- 

ried out in northern Greece by Groppe et 

al. (1990) and Clement and Sobhian (1991). 

The laboratory host-specificity and ovipo- 

sition studies reported here complement 

these field tests. The fly is established as a 

biological control agent for yellow starthis- 
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Fig. 1. 

tle in at least California, Oregon, and Wash- 

ington (Turner et al. in press). 

MATERIALS AND METHODS 

Yellow starthistle capitula from popula- 

tions known to be infested by U. sirunaseva 

were collected in northern Greece and 

shipped to the biological control quarantine 

facility in Albany, California. The infested 
capitula were placed in sleeve cages for the 

emergence of adults, which were used (ex- 

cept where noted below) in the following 

studies conducted in the quarantine glass- 

house facility. Photoperiod averaged ca. 14: 

10 (L:D) h (NOAA 1981), and average tem- 

peratures fluctuated from ca. 24°C (14 h) to 

ca. 19°C (10:h). 

Oviposition studies.—An experiment was 

carried out to assess oviposition preference 

for the different stages of capitulum devel- 

opment in yellow starthistle as categorized 

by Maddox (1981) (Fig. 1): Bu-1 = bud at 

most only slightly expanded laterally, with 

spines barely evident; Bu-2 = bud moder- 

Stages of capitulum development in yellow starthistle (after Maddox 1981). 

ately expanded laterally, spines greenish, 

vertical, and I-2x the bud length; Bu-3 = 

bud globose, spines mostly vertical and 2- 

3x the bud length, some spines beginning 

to rotate away from vertical; Bu-4 = bud 

larger, spines straw-colored and all rotated 

away from vertical; F-1 = yellow flowers 

just visible and appressed but protruding 

from the involucre; F-2 = flowers fully ex- 

posed, collectively expanded beyond invo- 

lucre immediately below. Thirty capitula of 
each of five different stages of capitulum 

development (stages F-1 and F-2 were 

lumped together; most were at the F-2 stage), 

from early, closed buds to flowering, were 

exposed to 20 recently emerged and mated 

females in a sleeve cage (ca. 0.07 m+) with 

a wood frame, screening and cloth sleeves. 

The test capitula were set up as bouquets of 

capitula in a flask with water, with a plug 

of cotton where the stems containing one 

capitulum each emerged from the lip of each 

flask. Of a total of six flasks, each flask con- 

tained five capitula, at different develop- 
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Table 1. Urophora sirunaseva no-choice, host-specificity tests, Albany, California, 1988 and 1991. 

Test Plant Species No. Plants No. Capitula % Capitula _ XGalls per 
(Source)! (Year Tested) Tested Tested with =1 Gall Galled Capitulum 

Centaurea solstitialis L. (ex California) (1988) 15 115 44.3 3.2 

Centaurea solstitialis (ex California) (1991) 10 346 42.4 2.6 

Centaurea solstitialis (ex Italy) (1988) 5 49 28.5 2.0 

Centaurea americana Nuttall (ex Texas) (1988) 10 47 0 

Centaurea calcitrapa L. (ex California) (1991) 9 159 0 

Centaurea cyanus L. (1988) 15 131 0? 

Carthamus tinctoria L. var. S541 (1988) 15 47 0 

Carthamus tinctoria var. 4440 (1988) 15 80 0 

Cirsium ochrocentrum Gray (ex California) 10 27 0 

(1991) 

' Where collected from wild populations. 
> Total of three non-viable, thin-walled galls were produced; these would not have been counted as galls in 

C. solstitialis. 

mental stages (Bu-1, Bu-2, Bu-3, Bu-4, and 

F-1/F-2). The flies had free movement with- 

in the cage. This experiment was carried out 

under natural light for 48 h, 31 July to 2 

August, 1989, at which time the flies were 

removed and the capitula dissected and ex- 

amined for eggs. The number of eggs posited 

were tallied for each of these capitulum 

stages. 
In 1991, a simple egg production study 

was carried out with ten newly emerged 

males and females placed together in a sleeve 

cage with bouquets of ten yellow starthistle 

capitula with a preponderance of vertically 

oriented spines (Bu-2 and Bu-3 stages). The 

study was carried out under natural light, 

and food was provided as streaks of honey 

on the cage. Every two days, the capitula 

were removed (and replaced with fresh ca- 

pitula), dissected, and examined for eggs. 

The flies were first put into the cage with 

the bouquets of capitula on 30 July. All the 

females survived through 18 August; five 

had died by 19 August. The study ended 21 
August, with the death of all females. 

The size of eggs was measured in 1992 

from 30 eggs removed from bouquets of 

closed capitula exposed to ten males and 

females. These flies had emerged from galled 
capitula, which were collected 19 June 1992 

from an established U. sirunaseva popula- 

tion in Placer County, California. Freshly 

harvested eggs were measured through a ste- 

reomicroscope provided with an ocular 

graticule. 

Host specificity.—No-choice, host-spec- 

ificity experiments were carried out in | m3 

screen cages in 1988 and 1991. The test 

plant taxa consisted of economically im- 

portant, native, or weedy relatives, all in the 

Cardueae: yellow starthistle, purple star- 

thistle (Centaurea calcitrapa L.), cornflower 

(Centaurea cyanus L.), American basket- 

flower (Centaurea americana Nuttall), two 

varieties of saflower (Carthamus tinctorius 

L. var. $541 and C. tinctorius var. 4440), 

and yellowspine thistle (Cirsium ochrocen- 

trum Gray). Yellow starthistle, purple star- 

thistle and cornflower are naturalized in 

North America. American basketflower and 

yellowspine thistle are native in the United 

States. 

The screen cages enclosed 9-15 plants per 

species, each plant in a 15 cm pot. Each 

cage contained all the test plants of a plant 

species, thus one test plant species per cage 

(“‘no-choice”’ tests). Recently emerged male 

and female flies were placed in the cages 

with the test plants at the ratio of one male- 

female pair per test plant. Thus, for exam- 

ple, 15 yellow starthistle plants were tested 

in a cage with 15 male-female pairs of flies 

in 1988 (Table 1). The flies could move free- 

ly on and between plants, and all test plants 

had capitula at stages suitable for oviposi- 

tion. Food was provided as honey streaked 
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Fig. 2. Urophora sirunaseva oviposition preference 

by stage of capitulum development in yellow starthis- 

tle, percentage of total eggs posited (n = 203 eggs). 

on strips of waxed paper suspended from 

the top of each cage. For each test, the flies 

were enclosed in cages with the test plants 

under natural light for three weeks, at which 

point most flies were dead. The 1988 tests 

were conducted from 6 July to 11 August, 

and in 1991 from 24 June to 19 July. At 

the end of the tests, all capitula suitable for 

oviposition during the test period were dis- 

sected and examined for the presence of galls 

or other damage. The galled capitula from 

the 1988 tests were kept in jelly cups until 

the following year to test for completion of 

development (adult emergence). 

RESULTS AND DISCUSSION 

Oviposition studies.—Females oviposit 

from the tops of closed capitula, and gen- 

erally place the fusiform eggs between flow- 

er buds. Posited eggs are oriented somewhat 

vertically, with their more rounded tip seat- 

ed on the receptacle and the more sharply 

tapered tip directed away from the recep- 

tacle. The width (mean + SEM) of the eggs 

was 144 + 0.9 um, while the length of the 

eggs was 865 + 12 um, thus the egg length 
is ca. 6X width. 

In the capitulum preference study, 203 

250 OO 

i. 
2 100 125914) 16-185 205 22: 

200 

100 

No. Eggs Posited 

50 

Days From Start 

Fig. 3. Time course of oviposition by Urophora 

sirunaseva on yellow starthistle—number of eggs pos- 

ited (Total = 1360 eggs) by 10 newly emerged females 

in the presence of males, in two-day intervals from 

start of test. 

eggs were recovered from 37 test capitula. 

There was a strong preference for closed ca- 

pitula with vertically oriented involucral 
spines (stages Bu-2 and Bu-3) (Fig. 2). The 

other capitulum-attacking insect species [the 

weevils Bangasternus orientalis (Capio- 

mont), Eustenopus villosus (Boheman), and 

Larinus curtus Hochhut, and the tephritid 

fly Chaetorellia australis Hering] currently 

established for biological control of yellow 

starthistle oviposit on capitula at other stages 

of development (Clement 1990, Turner and 

Fornasari 1n press). 

In the egg production study, 1360 eggs 

were produced by the ten females, for an 

average of 136 eggs per female. Figure 3 

shows the time course of oviposition from 

the start of the test, shortly after adult emer- 

gence. Oviposition peaked by the sixth day, 

after which it gradually declined due to a 
decrease in egg production per female (rath- 

er than female mortality), as all females were 
still alive through the eighteenth day. 

Host specificity. —In host-specificity tests, 

U. sirunaseva reproduced only on yellow 

starthistle, with galls formed on 44.3% 
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(1988) and 42.4% (1991) of the test capitula 

from California yellow starthistle (Table 1). 

Adult flies emerged from 89.7% of the galls 

from the 1988 tests. During the 1991 tests, 
next generation flies began emerging from 

galled capitula in the test cage before the 

capitula were removed for examination. 

These results are congruous with the field 

host-specificity experiments carried out in 

Greece by Groppe et al. (1990), and Clem- 

ent and Sobhian (1991). Clement and Sob- 
hian (1991) obtained U. sirunaseva repro- 

duction on yellow starthistle from Greece 

and the United States, but not on safflower, 
artichoke (Cynara scolymus L.) or Cirsium 

creticum (Lamarck) D’Urville. Groppe etal. 

(1990) obtained reproduction on yellow 

starthistle from Greece, but not on Centau- 

rea diffusa Lamarck, Centaurea maculosa 

Lamarck, safflower, artichoke, C. creticum, 

or sunflower (Helianthus annuus L.). The 

only recorded field hosts of the fly are yellow 

starthistle and the closely related Centaurea 

idaea Boissier & Heldreich in Crete (White 

and Korneyev 1989). 

For the galled capitula from the Califor- 

nia yellow starthistle, the number (mean + 

SEM) of galls per galled capitulum were 3.2 

+ 0.3 in 1988 (n = 51 galled capitula, max- 
imum = 9 galls) and 2.6 + 0.1 in 1991 (n 

= 147 galled capitula, maximum = 8 galls). 

Figure 4 shows the freqency distribution of 

the number of galls per galled capitulum 

from the California yellow starthistle test in 

1991. Though less than half of the test ca- 

pitula were galled by U. sirunaseva (Table 

1), ca. two-thirds of the galled capitula had 
two or more galls (Fig. 4). This is in contrast 

to the number of flies developing per ca- 

pitulum by Chaetorellia australis, another 

natural enemy of yellow starthistle, where 

in similar host tests only one fly developed 

from 92.3% (in 1986) and 94.5% (in 1987) 

of the infested yellow starthistle capitula, 

and no more than two flies developed from 

any capitula (Maddox et al. 1990). This dif- 

ference is related to different larval biolo- 

gies. The larvae of U. sirunaseva are rela- 
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Fig. 4. Distribution frequency of number of Uro- 

phora sirunaseva galls per galled capitulum of yellow 

starthistle in a quarantine glasshouse test, 1991. 

tively stationary in galls, while those of C. 

australis move through capitula, tunneling 

through developing seeds. 

Although U. sirunaseva does not occur in 

Italy, in these tests it did reproduce on yel- 

low starthistle from Italy (Table 1). In Italy, 

the closely related and biologically similar 

U. jaculata Rondani also attacks the capit- 

ula of yellow starthistle (White and Clement 

1987, White and Korneyev 1989), but does 

not complete development on yellow star- 

thistle from California, Idaho, or Washing- 
ton (White and Clement 1987). 

In conclusion, three different lines of ev- 

idence, (1) field host records (White and 

Korneyev 1989), (2) field, host-specificity 

experiments (Groppe et al. 1990, Clement 

and Sobhian 1991), and (3) laboratory, no- 

choice, host-specificity experiments, strong- 

ly indicate a very high level of host speci- 

ficity and safety for U. sirunaseva as a 

biological control agent for yellow starthis- 

tle. 
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CAMELOBAETIDIUS (EPHEMEROPTERA: BAETIDAE) IN INDIANA 
AND IOWA: NEW SPECIES AND RANGE EXTENSION 
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Abstract. —Camelobaetidius waltzi McCafferty, n. sp., is described from larvae taken in 

the lower Wabash River of southwestern Indiana and the lower Des Moines River of 

southeastern Iowa. It differs from other species of Camelobaetidius primarily in having 

a unique combination of a medially pointed second segment of the labial palps and six 

or seven claw denticles. The new species significantly extends the known range of this 

mainly southwestern and Neotropical genus into the humid midwestern United States. 

Relationships among species of Camelobaetidius remain unknown. 

Key Words: 

The Western Hemisphere genus Came- 

lobaetidius Demoulin is striking among the 
Baetidae because of the remarkable spatu- 

late and multidenticulate tarsal claws pos- 

sessed by the larvae (e.g. Fig. 7). Such may- 

flies were first noted from Brazil by Traver 

(1944) as Baetine No. 1, and more regularly 
in the 1950’s and 1960’s by workers col- 

lecting mayflies in California, Utah, and 

Wyoming. While still uncommonly taken 

except at specific river sites where they may 

be abundant (e.g. the Virgin River in south- 

ern Utah), the genus has proven to be one 

of the most commonly taken baetids in a 

variety of streams in Texas (McCafferty and 

Davis 1992). 

The single major study of Camelobaeti- 

dius was made by Traver and Edmunds 

(1968), wherein 13 species, considered at 

that time under the name Dactylobaetis 
Traver and Edmunds, were treated and 

compared. McCafferty and Waltz (1990) 

synonymized Dactylobaetis with Camelo- 

baetidius and discussed the generic classi- 

fication. The 13 species originally described 
by Traver and Edmunds (1968), the type 

Ephemeroptera, Baetidae, Camelobaetidius, new species, distribution 

species of Camelobaetidius originally de- 
scribed by Demoulin (1966), and four more 

species subsequently described by Allen and 

Chao (1978) and Allen and Murvosh (1987) 

include all nominal species heretofore rec- 

ognized in Camelobaetidius. 

The genus has been known from western 

North America as far east as far western 

Kansas (Liechti 1982) and central Texas 

(Lugo-Ortiz and McCafferty 1993) and as 

far north as Saskatchewan (Lehmkuhl 1976), 
from throughout Mesoamerica, and from 

South America as far south as Uruguay and 

central Argentina. McCafferty et al. (1992) 

hypothesized that the most recent center of 

dispersal of Camelobaetidius was Neotrop- 

ical. Traver and Edmunds (1968) had con- 

cluded earlier that the taxon was of Neo- 

tropical origin. Since no phylogenetic study 

of the species of the genus has been con- 

ducted, it is not known whether species re- 

lationships will corroborate Neotropical af- 

finities or indicate to what extent vicariance 

and dispersal have influenced present spe- 

cies distributions. 

In July of 1977, the first author and A. 
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V. Provonsha of Purdue University unex- 

pectedly collected a mature larval specimen 

of Camelobaetidius from the Wabash River 
in southwestern Indiana near New Har- 

mony, an area of some taxonomic note be- 

cause Thomas Say had described many of 

his species of aquatic insects and mussels 

from there. Upon sorting samples, it was 

clear that this larva represented an unusual 

new species in the genus. Additional spec- 

imens could not be found on subsequent 

collecting trips to the same area, and the 

fact that only one specimen was available 

belated publication of the new species. 
In August of 1991, the second author col- 

lected, also unexpectedly, a series of young 

larvae of Camelobaetidius from the Des 

Moines River at Farmington, Iowa, in the 

extreme southeastern area of that state. 

Comparisons with the Indiana larva showed 

them to be the same species. More mature 

Iowa larvae were taken from the Des Moines 

River in the same general area in 1992. A 

description and discussion of this new spe- 

cies follows. The terminology applied gen- 

erally follows that used by Traver and Ed- 

munds (1968). 

Camelobaetidius waltzi McCafferty, 

New SPECIES 

Figs. 1-10 

Larva (in alcohol).—Mature length ex- 

cluding caudal filaments: 6.0 mm (male) to 

6.3 mm (female). 

Head: Vertex with paired light brown 

longitudinal markings variously developed; 
frons usually with broad inverted V-shaped 
brown marking between lateral ocelli. An- 

tennae nearly white. Labrum (Fig. 1) with 

submarginal row of elongate spines con- 

sisting of two relatively widely separated 
central spines, no intermediary spines, and 

six to eight lateral spines on each side ar- 
ranged in curved line with three or four most 
lateral ones set off slightly from line of me- 

dial ones; no folds or ridges apparent on 

labral surface. Mandibles as in Figs. 2, 3; 
incisors fused and more-or-less truncate 

apically (Somewhat more oblique in youn- 

ger larvae), with denticles nearly completely 

fused and six in number on each mandible; 
prostheca well developed on both mandi- 

bles, serrate apically on right mandible and 
with variably developed tuft medial to it 
(Fig. 2); prostheca greatly enlarged on left 

mandible and with acute apicomedial pro- 

cess (Fig. 3); thumblike projection adjacent 

to molar region of left mandible well de- 

veloped and robust (Fig. 3); on right man- 

dible (Fig. 2) molar region in same plane 
with apices of body of mandible, and with 

small branched seta at medial margin of 

molar region. Maxillae (Fig. 4) with basal 
and apical portions of galealacinia subequal 

in length; palpi relatively short and thick 
with second segment slightly narrower than 

first. Labium (Fig. 5) of short, robust vari- 

ety; second segment of palpi distinct with 

convex apicomedial margin and concave 

basomedial margin meeting at medial an- 

gular point; medial point sometimes slightly 

more produced than shown in Fig. 5. 

Thorax: Pronotum and mesonotum var- 

iously suffused with light to medium brown 
patterning (darkness increasing with age in 

most individuals). Coxal gills absent. Fore- 

legs slightly longer than hindlegs. Femur and 

tibia of forelegs subequal in length; forefe- 

mora without spines on anterior surface; 

apices of foretibiae with one to five robust 

spines (Fig. 6); foretarsi with five to eight 

short spines, two bristlelike long spines ar- 

ranged as in Fig. 6 (one bristlelike spine 

subapical and one at about one-fifth length 

of tarsus from apices), and up to six ad- 
ditional minute spines along concave mar- 

gin. Spatulate tarsal claws (Fig. 7) with six 

to seven denticles (number sometimes vary- 

ing from right to left legs) and with sensory 

seta arising from claw tip and extending me- 

dioapically to about same distance as claw 

tip. 
Abdomen: Color pattern (Figs. 8-10) 

more-or-less consistent with other species 

of genus, with tergal markings consisting of 
pairs of subanterolateral to sublateral or lat- 
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6 7 
Figs. 1-7. Camelobaetidius waltzi, holotype larva. 1, labrum; 2, right mandible; 3, left mandible; 4, maxilla; 

5, labium; 6, partial foreleg; 7, foretarsal claw. 
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8 9 10 
Figs. 8-10. Camelobaetidius waltzi, larva. 8, dorsal abdomen, holotype; 9, abdominal tergal pattern variation; 

10, abdominal tergal pattern variation. 

eral concentric markings and submedial 
longitudinal markings, and terga 8—10 much 

lighter than other terga; degree of tergal pig- 

mentation generally increasing with age (Fig. 

8); short black oblique submarginal marks 

on posterior margin of terga 4-8; antero- 

lateral corners of terga not dark margined; 
some individuals with more marked ab- 

dominal pattern as in Fig. 10, having rela- 

tively lighter tergum 5 and relatively darker 

terga 6-7; sterna unmarked except some in- 

dividuals with brown transverse penciling 

at medium third of anterior margin of sterna 

2-6 or 2-7 (more developed on more an- 

terior sterna). Terga 3—7 with very minute 

single spine at posterolateral corners (best 

seen on tergum four). Gills (Fig. 8) with 

moderately sclerotized anterior and poste- 

rior margins (more sclerotized anteriorly), 

gills not marginally sclerotized in some 

young larvae. 

Holotype.—Mature female larva, Indi- 

ana: Posey Co., Wabash R. at Old Dam near 

New Harmony, VII-20-1977, W. P. Mc- 

Cafferty and A. V. Provonsha, mouthparts 

and foreleg slide mounted, other parts fluid 
preserved, deposited in the Purdue Ento- 

mological Research Collection (PERC), 

West Lafayette, Indiana. 
Paratypes. — Eight mature and nearly ma- 

ture larvae, Iowa, Van Buren Co., Des 

Moines R. at Lacy Keosauqua State Park, 

VIII-29-1992, T. H. Klubertanz, six with 

same deposition as holotype, two deposited 

in United States National Museum, Wash- 

ington, D.C. 

Additional material examined.—Nine- 
teen middle to late instar larvae (some parts 
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on slides), lowa, Van Buren Co., Des Moines 

R. at Farmington, VIII-19-1991, T. H. 

Klubertanz; seven larvae and two female 

subimagos, Iowa, Van Buren Co., Des 
Moines R. at Lacy Keosauqua State Park, 

VIII-29-1992, T. H. Klubertanz, deposited 

in PERC. 

Etymology.—This species is named after 

R. D. Waltz in recognition of his numerous 
contributions to our knowledge of the clas- 
sification and relationships within the fam- 

ily Baetidae. 

Discussion.—Couplet 2 of the key to Ca- 

melobaetidius species provided by Traver 

and Edmunds (1968) divides species into 

those that have claws with five to 17 den- 
ticles and rounded second segments of the 

labial palps and those that have claws with 

20 to 40 denticles and second segments of 

the labial palps that are truncate or pointed. 

Camelobaetidius waltzi would not fit either 
of these groupings because it has the unique, 

and diagnostic, combination of a small 

number of claw denticles and a distinctively 

pointed second segment of the labial palps. 

After considering all apparent species 

specific larval characteristics, neither phe- 
netic nor phylogenetic relationships of C. 
waltzi could be determined with any con- 

fidence. However, the labial palps of the 

new species are most similar to those of 

Neotropical species, particularly C. penai 

(Traver and Edmunds) from Argentina and 

C. anubis (Traver and Edmunds) from Bra- 

zil. If the pointed second palpal segment 

proves to be apomorphic, a phylogenetic 

relationship with these species may exist. 

The new species shares labral and mandib- 

ular characteristics, the small number of claw 

denticles, and a general lack of pigmented 

tracheation in the abdominal gills with the 

North American C. mexicanus (Traver and 

Edmunds). The latter species is common 

throughout Texas and Mexico. Camelobae- 
tidius warreni (Traver and Edmunds) is the 

only other common species currently known 

in North America, where it occurs through- 
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out the West from Arizona to Saskatche- 
wan. The new species shares relatively few 

characteristics with C. warreni. 

Our study of individual and age vari- 

ability indicated that certain characteristics 

used for species discrimination by Traver 

and Edmunds (1968) may not be valid. 

These include color patterns of the abdom- 

inal terga, condition of the incisors of the 

mandibles, and thickness of the maxillary 

palps, all of which we found to be highly 
variable in C. wa/tzi, mainly due to age dif- 
ferences in larvae. The number of claw den- 
ticles increases with age, and this may ac- 

count for the range of numbers described 
for many of the species that Traver and Ed- 

munds (1968) studied. Although no indi- 
viduals of C. wa/tzi had coxal gills, we would 

caution that it may be possible for species 

of Camelobaetidius to be individually vari- 

able in this respect as, for example, has been 

found in the genus Baetodes. Characters of 
potential value in species discrimination that 

have not been used previously include form 

of the prostheca and the presence or absence 

of a complex seta on the medial edge of the 

molars of the right mandible. Traver and 

Edmunds (1968) did not mention or figure 

the sensory seta found at the tip of the claw 

(Fig. 7) or the terminally hooked apical setae 
of the paraglossae (Fig. 5). Our examination 
of larvae of all species available to us in- 

dicates that these characteristics are generic. 
The areas where the new species was found 

in Indiana and Iowa are only a little over 

300 miles apart. All known larvae were taken 

at large river sites—either the Wabash River 

relatively near its confluence with the Ohio 
River or the Des Moines River very near 

its confluence with the Mississippi River. 

Although the lower Wabash River basically 

possesses a silt/clay substrate, the type lo- 

cality there consists of a natural rocky out- 

crop giving rise to a small fall that becomes 

visible and accessible when the river is very 

low. The exact microhabitat of C. waltzi 

larvae at this site was not recorded at the 
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time of collection because it was not realized 

Camelobaetidius was being taken until after 
the fact. 

Larvae were taken on the Des Moines 

River at two sites in 15—130 cm depth, where 

either small sized stones or concrete rubble 

(13-26 cm diameter) were present. The ma- 

jority of substrate of the river in this region 

consists of silt and mud. Larvae were found 
crawling among filamentous algal mats as- 
sociated with the stones and rubble. The 

only other species taken in abundance with 

C. waltzi was Baetis longipalpus Morihara 

and McCafferty. Baetis longipalpus, how- 

ever, occurred on larger stones and drift- 

wood. Other species of mayflies taken either 

as larvae or adults at the general site in- 

cluded Baetis intercalaris McDunnough, 

Caenis hilaris (Say), Centroptilum sp., Hep- 

tagenia flavescens (Walsh), Hexagenia lim- 
bata Serville, Isonychia sicca (Walsh), Leu- 

crocuta sp., Stenonema mexicanum 

(Ulmer), and S. terminatum (Walsh). 

The specimen of D. waltzi taken on 20 

July, 1977, from the Wabash River was rel- 
atively mature; those taken on 19 August, 
1991, from the Des Moines River were 

mainly middle instar larvae with a few of 
them more mature; and several of those 

taken on 29 August, 1992, from the Des 
Moines River were mature. Some of the lat- 

ter unsuccessfully attempted to emerge while 

being held in temporary containers. In ad- 

dition, many baetid subimagos were seen 

along the shore at the collecting site, but 
these could not be correlated positively with 

the C. waltzi larvae. 

McCafferty et al. (1992) hypothesized that 
Camelobaetidius had a most recent center 

of dispersal in the Neotropics because the 

genus demonstrated an arid-favored distri- 

bution in North America. In the absence of 

cladistic data for species, this at least fit the 

pattern shown by most Neotropical mayfly 

groups in North America. The new species 
described herein clearly has a humid dis- 

tribution pattern in the Midwest, perhaps 

weakening the previous inferential evi- 

dence. On the other hand, it is becoming 

apparent that many of the other described 

North American species of Camelobaeti- 

dius may fall into synonymy (see Mc- 

Cafferty and Waltz 1990), and thus, the ge- 

nus may be much more diverse in the 

Neotropics. This also is proving to be a pre- 

dictable pattern for most Neotropical may- 

fly groups (McCafferty et al. 1992). 
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KEY TO THE SUBFAMILIES AND TRIBES OF THE NEW WORLD 
COREIDAE (HEMIPTERA), WITH A CHECKLIST OF 

PUBLISHED KEYS TO GENERA AND SPECIES 
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Abstract. — Keys are presented to the three subfamilies and 15 tribes of Coreidae which 

occur in the New World. A list of published keys to New World genera and species is 

also presented. 

Key Words: 

Scientific work must be accessible. In tax- 

onomy, this places upon specialists the re- 

sponsibility to provide keys and catalogs, in 

addition to descriptive and phylogenetic re- 

search. The publishing of keys and catalogs 

opens the literature to others, and often 

stimulates further work. Studies on the New 

World Coreidae have languished for half a 

century. Neglect of these often large and 

abundant and occasionally economically 

important bugs has been due, I believe, to 
the lack of means to identify them. Most 

literature treating the New World Coreidae 

has been restricted to the North American 

fauna, except for the recent efforts of Brai- 

lovsky (1983 to present). Torre-Bueno 

(1941) provided synoptic keys to species of 

North America and Blatchley (1926) cov- 

ered the family for eastern North America. 

More recently, Froeschner’s (1988) catalog 

to the North American Coreidae and Bar- 

anowski and Slater’s Coreidae of Florida 
(1986) have contributed greatly to our un- 

derstanding of this family. However, except 

for the outdated and untranslated key of Stal 
(1867), no key exists to the subfamilies and 

tribes of the New World Coreidae. 
The present classification of New World 

Coreidae is based primarily on Stal’s (1867, 

Hemiptera, Heteroptera, Coreidae, New World, tribal keys, subfamily keys 

1870) work which is the only comprehen- 

sive treatment for the identification of sub- 
families, tribes, and genera. But in the cen- 

tury since, there have been many changes 

in the higher classification, including de- 
scriptions of new tribes (Blatchley 1926, 

O’Shea and Schaefer 1978, Brailovsky 

1988a), and the placement of three New 

World genera in the tribe Hydarini, until 

recently thought to occur only in the Old 
World (Brailovsky 1988b). The New World 

component of this family presently contains 

about 136 genera and 838 species (Packau- 

skas, unpublished). 

This paper provides an updated summary 

of the classification and a key to the sub- 
families and tribes of the New World Co- 

reidae with references to published keys to 

genera and species. All groups keyed here 

are exclusively New World except for the 
Anisoscelini (mostly New World with the 

exception of one species) and the Pseu- 

dophloeinae, Coreini, and Hydarini. It is 

my hope that this information will stimu- 

late further research on the family, and aid 

collectors and curators in sorting unidenti- 

fied material to make it more readily avail- 

able for study. 

It is important to note that ‘‘Anisosceli- 
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dini,”’ ““Leptoscelidini,’ > and ‘“‘Meropachy- 

dinae”’ have been spelled that way for many 

years and by many people. Nevertheless, the 

Greek words from which these family-group 

names are formed, -scelis and -pachys, do 

not take d in their combining roots. As a 

result, the correct spelling of these groups 1s 

**Anisoscelini, 
39 68 

Leptoscelini,”’ and ‘*Mer- 

opachyinae.” 

i) 

KEY TO THE SUBFAMILIES AND TRIBES 

OF NEw WoRLD COREIDAE 

. Tibiae not sulcate; metathoracic scent gland 

orifices with a single large or two nearly fused 

discs (auricles) (Fig. 1); meso- and metasterna 

sulcate; males with a bilobed genital capsule 

opening filled by the clearly visible parameres 

(Fig. 2); all species less than 12 mm long 

Pseudophloeinae Stal, 1867 

Tibiae sulcate (sometimes shallowly) or, if ap- 

pearing nonsulcate, without the above com- 

bination of characters; length variable _. . 2 

. Hind tibiae with an apical tooth or spine (may 

be obscured by setae, Fig.3) .... : 

, . Meropachyinae Stal, 1867 . Aree) 

Hind ‘ibiae nanied at apex ..... 

Coreinae beach: 1815. | 

- Scutellum elongate, extending beyond clavus; 

posterior acetabula projecting laterally, visi- 

ble from above (Fig. 4); posterior tibiae broad- 

ly curved distally . Meropachyini Stal, 1867 

Scutellum triangular, about as long as broad, 

shorter than clavus; posterior acetabula not 

or only slightly projecting laterally, not visible 

from above (Fig. 5); posterior tibiae never 

curved 

. Posterior femora longer than abdomen, nar- 

row and cylindrical basally, swollen apically; 

body small, robust, thick, somewhat com- 

pressed laterally; scutellum more or less ele- 

vated, terminating in a slightly elevated knob 

Sheehre Merocorini Stal, 1870 

Posterior femora shorter than abdomen, swol- 

len for entire length; body larger, more elon- 

gate, not compressed laterally; scutellum more 

or less flat, if elevated basally, never termi- 

nating in araised knob ..... 

fn Str ere eer Spathophorini Kormilev, 1954 

. Tylus projecting conspicuously beyond juga 

as a distinct knob or strongly compressed plate 

(Figs. 6, 7); juga strongly deflexed . 7 

_ Acanthocephalini Stal, 1870 

Tylus not or ‘only vaguely, projecting beyond 

juga; juga variable ........... 6 

. With the combination of hind femora spinose 

. Third antennal segment expanded, others seg- 

or tuberculate, strongly incrassate in males; 

head not over half as long as pronotum and 

not extending past antenniferous tubercles or 

very slightly so; antenniferous tubercles oc- 

cupying most of anterior head width, space 

between them rarely wider than one tubercle 

(Figs. 8, 9) : ; Pees? 

Not with this combination af chaniéters: : 8 

. Metathoracic scent gland with a single fused 

auricle (sometimes bilobed, Fig. 11); ocellar 

tubercles large; usually with a spine present 

on antenniferous tubercles (Fig. 8); parameres 

membranous Acanthocerini Bergroth, 1913 

Metathoracic scent gland with two completely 

separated auricles (area between them de- 

pressed, Fig. 10); ocellar tubercles small; an- 

tenniferous tubercles never armed (Fig. 9); 

parameres sclerotized . ; 

. Nematopodini Amyot & Gervile: 1843 

Hind fibine expanded, expansion slight in some 

taxa (Fig. 13) ; 

_ Anisoscelini eater & Serville, 1843 

Hind tibiae never expanded ; 9 

Juga extended and exceeding or equal to tylus 

in length (Fig. 15) : . 10 

Juga deflexed or at least not xoecdmne nor 

equal to tylus in length men eee aS ali 

. Head shorter than pronotum, antennae terete; 

brachypterous. ee hs : 

see Barreratalpini Brailovsky, 1988a 

Head equal in length to pronotum; antennae 

triangular in cross section; macropterous 

. Chelinideini Blatchley, 1926 

. All aod spinose below, profemoral spines 

sometimes minute; bucculae never reaching 

midlength of head; head porrect; juga and ty- 

lus extended forward; rostrum reaching or ex- 

tending onto abdomen, first segment reaching 

or extending past base of head 

Leptoscelini Stal, 1867 

Not wiih this combination of characters. .. 12 

. Distance between hind coxae equal to dis- 

tance from coxa to lateral margin; antennif- 

erous tubercles prominent, subcontiguous 

above deflexed tylus and juga 
. Spartocerini Amyot & Serville: 1843 

Distance between hind coxae much narrower 

than distance from coxa to lateral margin, if 

distances nearly equal then head elevated be- 

tween antenniferous tubercles; tylus and juga 

variable 

ments terete (Fig. 12); tylus and juga deflexed, 

not filling space between antenniferous tu- 

bercles; all femora armed distally 

Aes nore eet ne . Chariesterini Stal, 1867 

Third antennal segment never expanded, if 

appearing expanded, then other segments also 
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Figs. 1-5. 1. Metathoracic scent gland opening, Coriomeris occidentalis Dolling & Yonke (Pseudophloeinae). 

2. Genital capsule, C. occidentalis. 3. Hind femur and tibia, Merocoris distinctus Dallas (Meropachyinae). 4. 

Dorsal view, Hirulcus alternatus (Dallas) (Meropachyini). 5. Dorsal view, Diariptus sp. (Spathophorini). act = 

acetabulum, clv = clavus, cx = coxa, par = paramere, sct = scutellum. 
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Figs. 6-11. Heads of coreids: 6. Lucullia flavovittata Stal (Acanthocephalini). 7. Nyttum punctatum (Dallas) 

(Acanthocephalini). 8. Crinocerus sanctus (Fabricius) (Acanthocerini). 9. Mozena sp. (Nematopodini). Meta- 

thoracic scent gland openings: 10. Mozena sp. (Nematopodini). 11. Sagotylus confluens (Say) (Acanthocerini). 

atu = antenniferous tubercle, aur = auricle, cx = coxa, otu = ocellar tubercle, sp = spine. 
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spr —— 0 
16 

Figs. 12-16. 12. Antenna, Chariesterus antennator (F.) (Chariesterini). 13. Hind tibia, Tarpeius brevicornis 

Stal (Anisoscelini). 14. Antenna, Madura perfida Stal (Hydarini). 15. Head, Chelinidea vittiger Uhler (Chelini- 

deini). 16. Abdomen (Discogastrini). jug= jugum, spr = spiracle, tyl = tylus. 
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appearing expanded; tylus and juga usually 

extended anteriorly between antenniferous 

tubercles; femora rarely armed ........ 14 

14. Spiracles situated twice as far from posterior 

border of middle abdominal segments (IIJ- 

VI) as from anterior border (Fig. 16) .. 

Tor as Lietrts Discogastrini Stal, 1867 

- Spices equidistant from anterior and pos- 

terior borders of middle abdominal segments 

(II-VI) . : 15 

15. Fourth antennal segment flattened: third an- 

tennal segment over twice as long as second 

(igsl4)r 0. » ste seee Xydarini Stal, 1873! 

— Fourth antennal segment not flattened; third 

antennal segment usually shorter than second, 

never twice as long as second . 

in FE .... Coreini Leach, 1815 

List OF KEys TO NEw WorRLD GENERA 

AND SPECIES OF COREIDAE 

Key to North American species (Torre- 

Bueno 1941) 

Pseudophloeinae (3 genera) 

Key to genera (Dolling 1977) 

Key to species of Ceraleptus Costa 

(Froeschner 1963) 

Key to species of Vilga Stal (Dolling 
1977) 

Key to North American species of 
Coriomeris Westwood (Dolling 

and Yonke 1976) 

Meropachyinae (15 genera) 

Key to tribes and genera of Meropachy- 

inae (Kormilev 1954) (With the 

exception of Accocopus Stal, 1864, 

Allopeza Bergroth, 1912, Diariptus 

Stal, 1859, Eretmophora Stein, 

1860, and Hoplophthonia Schmidt, 
1911.) 

Coreinae 

Acanthocephalini (15 genera) 

Key to species of Acanthocephala La- 

porte of North and Central 

' Brailovsky (1988b) placed three New World genera 

in this mostly Old World tribe. Ahmad (1970) raised 

Hydarini to subfamily status, but this interpretation 

has not been universally accepted. 
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America (Gibson and Holdridge 

1918a) 

Key to species of Nyttum Spinola 

(Dolling and Casini 1988) 

Key to species of Petalops Amyot & 
Serville (Brailovsky 1991) 

Key to species of Stenametapodus 

Breddin (Brailovsky 1984a) 

Acanthocerini (16 genera) 

Key to genera of Acanthocerini (O’Shea 

1980a) (also see Brailovsky 1988c) 

Key to species of Moronopelios Brai- 
lovsky (Brailovsky 1988c) 

Key to species of Th/astocoris Mayr 

(Brailovsky 1990a) 

Anisoscelini (9 genera, or more, see Osuna 
1984) 

Key to genera of Anisoscelini (Osuna 

1984) 
Key to species of Leptoglossus Guér- 

in-Meneville (Allen 1969) 

Key to species of Narnia Stal (Gibson 

and Holdridge 1918b) 

Barreratalpini (1 genus) (see Brailovsky 

1988a) 
Chariesterini (4 genera) 

Key to genera of Chariesterini (Yonke 
1972) 

Key to species of Chariesterus La- 

porte (Ruckes 1955) 

Key to species of Ruckesius Yonke 

(Yonke 1972) 

Chelinideini (1 genus) 

Key to species of Chelinidea Uhler 
(Herring 1980) 

Coreini (30 genera) 

Key to species of Acidomeria Stal 
(Brailovsky 1983a) 

Key to species of A/thos Kirkaldy 
(Brailovsky 1990d) 

Key to species of Anasa Amyot & 

Serville (Brailovsky 1985) 

Key to species of Catorhintha Stal 

(Brailovsky and Garcia 1987) 

Key to Mexican species of Cebrenis 

Stal (Brailovsky 1984b) 

Key to species of Collatia Stal (Brai- 

lovsky 1990b) 
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Key to species of Daphnasa Brailov- 

sky (Brailovsky 1984c) 

Key to species of Himella Dallas 

(Brailovsky and Barrera 1986a) 

Key to species of Hypselonotus Hahn 
(Whitehead 1974) 

Key to species of Nirovecus Stal 
(Brailovsky 1984d, 1990b) 

Key to species of Paryphes Burmeis- 

ter (Brailovsky 1986a) 

Key to species of Sco/opocerus Uhler 

(Brailovsky 1989a) 

Key to species of Sethenira Spinola 

(Brailovsky 1988d) 

Key to species of Sphictyrtus Stal 

(Brailovsky and Meléndez 1989) 

Key to species of Stenoprasia Hor- 

vath (Brailovsky 1986b) 

Key to species of Sundarus Amyot & 

Serville (Brailovsky 1988e) 

Key to species of Vazqueticoris Brai- 

lovsky (Brailovsky 1990d) 

Discogastrini (7 genera) 

Key to genera of Discogastrini (Brai- 

lovsky 1984e) 

Key to species of Cnemomis Stal 

(Brailovsky and Barrera 1986b) 

Key to Mexican species of Savius Stal 

(Brailovsky 1986c) 

Key to species of Scamurius Stal 

(Brailovsky 1986d) 

Hydarini (3 genera) 

Key to genera and species of Hydarini 

(Brailovsky 1988b) 

Leptoscelini (4-9 genera) 

Key to species of Dalmatomammu- 

rius Brailovsky (Brailovsky 

1990c) (tentative tribal place- 

ment) 

Key to species of Plunentis Stal (Brai- 

lovsky 1989b) (tentative tribal 

placement) 

Nematopodini (15 genera) 

Key to genera of Nematopodini (O’Shea 

1980b) 
Key to species of Cnemyrtus Stal 

(Brailovsky 1989b) 

Key to species of Curtius Stal (Brai- 

lovsky 1986e) 

Key to species of Mozena Amyot & 

Serville (Hossain 1970) 

Key to Mexican species of Nemato- 

pus Berthold (Brailovsky and 

Zurbia 1983) 

Key to Mexican species of Piezogas- 
ter Amyot & Serville (Brailov- 

sky and Barrera 1984) 

Key to species of Quintius Stal (Brai- 

lovsky & Berrera 1986c) 

Key to species of Zoreva Amyot & 
Serville (Brailovsky & Barrera 
1982) 

Spartocerini (4 genera) 

Key to species of Sephina Amyot & 
Serville (Brailovsky 1983b) 

incertae sedis (3 genera) 

Molchina Amyot & Serville 1843 

Mammurtius Stal 1862 

Rochrosoma Reed 1901 
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A NEW SPECIES OF AQUARIUS (HETEROPTERA: GERRIDAE) FROM TIMOR, 
WITH NOTES ON TIMORESE ZOOGEOGRAPHY 
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96817. 

Abstract. —Aquarius lili n. sp. is described from western Timor, and compared with 

other species in the genus, with figures of the male and female abdominal terminalia and 

genital structures provided. On the basis of the characters used by Andersen (1990) to 

produce a species level phylogeny for the genus, this new species is a member of the 

paludum group, and is most closely related to 4. adelaidis (Dohrn), a species occurring 

from India to Borneo. The oddly disjunct distribution of this Timorese species and its 

zoogeographic implications in regard to competing geological hypotheses concerning the 

tectonic evolution of the island are discussed. 

Key Words: 

The genus Aquarius Schellenberg was re- 

cently revised by Andersen (1990), who rec- 

ognized 15 species. These taxa are chiefly 
Holarctic with only five widely disjunct spe- 

cies known from the Southern Hemisphere. 

Our discovery of a new species from Timor 

that conforms to Andersen’s (1990: 45) di- 

agnosis of Aquarius is of interest, because it 

adds yet another geographically restricted 

Southern Hemisphere form to the latter as- 

semblage. 

The Aquarius species occurring in nearest 

geographical proximity to the new Ti- 

morese species are 4. fabricii Andersen from 
Northwest Australia and A. adelaidis 
(Dohrn) from the western Malay Archipel- 

ago (Fig. 5). Aquarius adelaidis was previ- 

ously reported from Sumatra and Luzon, 

and we now have a record from Borneo 

based on a single female specimen from the 
following locality: Indonesia, Kalimantan 
Timur Province, stream 4 km. NE of Kota 

Bangun on the Samarinda road, 29 August 
1985, CL 2097, D. A. and J. T. Polhemus 
(BPBM). The genus Aquarius was also listed 

Aquarius, Timor, taxonomy, zoogeography 

as occurring on Celebes by Polhemus and 

Polhemus (1990, table 1), but this was an 

error, and as correctly pointed out by Chen 

and Nieser (1992), the genus is in fact un- 

known from that island. 

Aquarius lili, NEw SPECIES 

Figs. 1-4 

Diagnosis.—Aquarius lili is clearly a 

member of the paludum group as defined 

by Andersen (1990: 44). It is most closely 
allied to A. adelaidis Dohrn, but differs in 

having shorter antennae, a weakly instead 

of strongly V-shaped emargination on male 

ventrite VII, shorter connexival spines, and 

the female proctiger angulate distally in- 

stead of rounded. The male genitalia of 4. 

lili are closest to adelaidis, but the dorsal 
plate is not as highly sinuate distally (Fig. 
3). The sclerites of the aedeagus are very 

similar to those illustrated for adelaidis by 
Andersen (1990) and Miyamoto (1967). 

In Andersen’s (1990) key, /i/i does not run 

satisfactorily to any species; difficulties de- 
velop with couplet 3, because /i/i is bra- 
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Figs. 1-4. 

4 
Aquarius lilin. sp. 1, Male, dorsal habitus (legs omitted). 2, Male terminal abdomen, ventral view. 

3, Distal part of male phallic vesica, dorsal view. 4, Male proctiger. 

chypterous, yet the male connexival spines 

do not surpass the caudal margin of segment 

VIII. On the basis of the connexival spines, 

lili proceeds to couplet 4, then to couplet 
11, where it matches neither of the Austra- 
lian species, fabricii or antigone. If forced 
to couplet 12, /i/iimmediately fails, because 
the hind femora are much longer than the 

mid femora, yet male ventrite VII is round- 

ly emarginate or nearly so (i.e. weakly 

V-shaped). 

Description (all measurements in milli- 

meters).— Brachypterous male: Length, 
mean 10.25 (N = 2, min. 10.0, max. 10.5); 

width, mean 2.72 (N = 2, min. 2.66, max. 

2.77) (Fig. 1). Ground color blackish, cov- 
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ered with fine golden pubescence; meso- 

pleura set with longer setae; head with chev- 

ron shaped brownish yellow mark 

posteriorly on vertex. Pronotum with 

brownish yellow median stripe the length of 
anterior lobe; posterior lobe margined with 

yellowish, more broadly caudad; acetabulae 

beneath, venter of prothorax, venter of head 

anteriorly, basal two rostral segments, an- 

terior trochanters, anterior femora basally, 
caudal extreme of abdomen, and connexi- 

val margins leucine tinged with fuscous. 

Middle and hind trochanters, femora ba- 
sally brownish. Legs and antennae black. 

Length of head (1.28) about double nar- 

rowest interocular space (0.67); width of eye 

0.67; eyes extending posteriorly about '5 

length of propleura. Rostrum short, reach- 

ing between anterior coxae. Antennae long, 

all segments of about equal diameter, length 

of segments I-IV: 1.55; 0.89; 0.67; 1.00; all 
antennal segments without stout spines, seg- 

ment IV bearing 5-6 slender setae of length 

about '2 width of segment. 
Pronotum long (4.00), narrow (1.72), an- 

terior margin slightly sinuate, distinctly el- 

evated behind eyes; posterior margin broad- 

ly rounded, yellowish margin slightly raised; 

anterior lobe sharply demarcated from pos- 

terior lobe; posterior lobe with weak lon- 

gitudinal median carina, humeri not pro- 

nounced. Wing rudiments orange brown, 

reaching onto tergite III, venation reduced 

but distinct; metasternum medially with a 

large patch of dense appressed setae, ap- 

pearing golden brown in oblique light. 
Abdominal tergites II-VI about of equal 

length (0.44—0.55), tergite VII longer (0.92); 

VIII long (0.92), large; proctiger triangular 

in dorsal view, ventrally tumid basally, cau- 

dally carinate; male terminalia as shown in 

Figs. 2-4. Connexiva moderately raised, 

spines reaching 7 to tip of tergite VIII. Pos- 

terior margin of sternite VII shallowly and 
roundly emarginate, with hint of V-shape 

medially (Fig. 2). 

Anterior femur thickened, not flattened 

ventrally, postero-distally with a stout spur; 

anterior tibia slightly widened distally; mid- 

dle femur with distal spur. Measurements 

of legs as follows: Femur, tibia, tarsal 1, 

tarsal 2 of fore leg, 3.88: 2.89: 0.44: 0.55; 
of middle leg, 10.65: 7.88: 1.78: 0.67; of 

hind leg, 11.76: 6.38: 1.83: 0.72; anterior 

femur unmodified, with fine dense ap- 
pressed pile ventrally; middle and hind fem- 

ora, tibia thickly set with minute black 

spines. 

Proctiger elongate, coming to a rounded 

acute tip (Fig. 4). Vesica with dorsal plate 
produced, distally widened, margins weakly 

sinuate (Fig. 3). 

Brachypterous female: Coloration as in 

male, but body more robust. Length, mean 

11.63 (N = 6, min. 11.0, max. 12.2); width, 
mean 2.91 (N = 6, 2.83, max. 3.00). Proc- 

tiger rounded posteriorly. 

Macropterous male: Similar to brachyp- 

terous form in most respects; length, mean 

11.0 (N = 3, min. 10.7, max. 11.3); width, 

mean 2.73 (N = 3, min. 2.66, max. 2.83). 

Pronotum with posterior lobe more raised, 

humeri more prominent. Wings light brown, 
veins blackish brown, set with bright golden 

pubescence, reaching beyond tip of abdo- 

men. 
Macropterous female: Similar to bra- 

chypterous form in most respects, except 

wings exceeding tip of abdomen; length, 

mean 12.4 (N = 1); width, mean 3.05 (N = 

I): 
Etymology.—The name /i/i refers to the 

Lili River type locality. 

Ecological notes. —The Lili River at the 

type locality was a relatively shallow stream 

flowing in an unshaded bed of rocks, cob- 
bles and gravels. The stream profile con- 

sisted of shallow riffles connecting deeper 

rock rimmed pools, and it was on these pools 

that A. /i/i occurred most abundantly. At 
Baumata spring this species was found on 

the large, deep pool formed at the spring 

head, with individuals skating on deep, open 

waters far from shore where they were dif- 

ficult to capture. 

Material examined.— Holotype, brachy- 
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pterous male and allotype, brachypterous 

female: INDONESIA, Timor, Nusa Teng- 

gara Timur Prov., Lili river at Lili, nr. 

Camplong, 40 km E. of Kupang, 65 m., wa- 

ter temip: 32°.C, Cle 25925 11) September 

1991, J. T. & D. A. Polhemus (USNM). 
Paratypes as follows: INDONESIA, Ti- 

mor, Nusa Tenggara Timur Prov.: 3 bra- 
chypterous males, 3 macropterous males, 7 

brachypterous females, 5 macropterous fe- 

males, | nymph, same data as holotype 

(JTPC, BPBM, MZB): 2 macropterous fe- 

males, spring and outflow streams at Bau- 

mata, 17 km. E. of Kupang, 215 m., water 

temp. 30° C., 10 September 1991, CL 2590, 

D. A. and J. T. Polhemus (JTPC). 

PHYLOGENY 

The phylogenetic analysis of Aquarius 

presented by Andersen (1990) is the foun- 

dation for the phylogenetic interpretation 

proposed here, which focuses on the palu- 

dum species group. Our cladistic analysis 

utilizes Andersen’s (1990) data set insofar 

as possible (see Appendix 1), but certain 

apomorphic states given in his Table | could 

not be coded properly for 4. /i/i without 

modification or reinterpretation as follows: 

the character as described by Andersen is 

given first, followed by comments: 

Character 20.— Posterior margin of male 

sternum 7 concave and with an angular 

emargination in the middle. 

Comments. For A. adelaidis (Dohrn), A. 

distanti (Horvath) and 4. paludum (Fabri- 

cius) in the pa/ludum group, this character 
should be coded +, but for /i/i it should be 
coded —. The V-shaped emargination is 

strongest in distanti, and weaker but defi- 
nitely present in the other species, except 

for /ili, in which it is barely developed. 

Character 22.—Fore femora uniformly 
dark. 

Comments: Many species of Aquarius 

have at least the base of the fore femora 
with light colored streaks, and often the dis- 
tal part as well. This character should either 

be redefined as “fore femora mostly dark; 
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light markings restricted to basal and distal 

extremes,” or discarded. If written as above, 

it will hold for the pa/udum group and most 
other species, but not all. Specimens of 4. 

amplus (Drake & Harris) have the fore fe- 

mur uniformly brown, and specimens pres- 

ently considered to be A. remigis (Say) from 
Arizona and Mexico have the fore femora 
brown with black longitudinal streaks. Some 

specimens of A. cinereus from Algeria have 
a light colored fore femur with black lon- 

gitudinal stripes similar to many species of 

Gerris. 

Despite these differences in character in- 

terpretation, we did not find these changes 

to alter the placement or relationships of 

the terminal taxa on the tree, which was our 

primary concern. When character states for 

A. lili were coded using Andersen’s original 

set of 39 characters, subject to the reinter- 

pretations discussed above, it was found that 

A. lili settled comfortably into the paludum 

group, its character states following a con- 

gruent path to those of the other species held 

in this clade. The terminal clade thus formed 
contained an unresolved trichotomy in- 
volving A. lili, A. adelaidis and A. paludum. 
This trichotomy was resolved using the fol- 

lowing three characters, which when added 

to Andersen’s original (1990) character ma- 

trix (his table 1) ally 4. /i/i most closely with 

A. adelaidis, forming a terminal clade with 
A. paludum as the basal sister species; the 

apomorphic state is given first (followed by 

the plesiomorphic state in parentheses): 

Character 40.—Hemelytra of brachypter- 

ous form not exceeding third abdominal ter- 

gite. (Hemelytra of brachypterous form 
reaching sixth abdominal tergite). 

Character 41.—Posterior pronotal lobe 

with posterior margin uniformly light col- 

ored. (Posterior pronotal lobe with poste- 

rior margin not uniformly light colored). 

Character 42.—Triangular tubercle on 

male sternum eight large, with broad base. 

(Triangular tubercle on male sternum eight 

small, narrow). 

Based on the above analysis, A. /ili ap- 
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eo" 80° 100° 

Fig. 5. 

pears to be most closely related to A. ade- 
laidis (Dorhn), an Asian species (Fig. 5). This 

pattern of relationship is shown in Fig. 6. 

ZZOOGEOGRAPHY 

Timor lies along the southern limb of the 

volcanic Banda Arc, and was described by 

Hamilton (1979) as “tectonic chaos.’ The 

island is composed of Tertiary subduction 

melange with older complexes imbricated 

120° 140° 160° 

Distribution of Aquarius species in Australia and southern Asia. 

within it, including ophiolitic and continen- 

tal crystalline rocks. Most of the island is 

being actively uplifted, as illustrated by the 

presence of Quaternary reefs elevated up to 
1000 meters above present sea level (Ham- 

ilton 1988). With the most southeastern lo- 

cation of any major island in the Malay Ar- 

chipelago, Timor presently lies within 350 

kilometers of the northwest coast of Aus- 

tralia. The two land areas were in even clos- 
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paludum 

adelaidis 

distanti 

fabricii 

antigone 

Fig. 6. Cladogram of Aquarius species in the palu- 

dum group (modified from Andersen, 1990). 

er juxtaposition during the Pleistocene low 

sea level stands 20,000 years ago, when the 

Sahul Shelf, lying on the Australian plat- 
form beneath the present Timor Sea, was 

broadly exposed and extended subaerially 

to within 100 kilometers of Timor. 

Both areas contain endemic Aquarius spe- 

cies, with A. /ili n. sp. on Timor and 4. 

fabricii Andersen in northwest Australia 

(Fig. 5), and we initially expected that these 

would prove to be sister species isolated on 

either side of the Timor Trough. However 

our foregoing phylogenetic analysis using the 

character set employed by Andersen (1990) 

in his revision of the genus Aquarius pro- 

duced a species level phylogeny incorpo- 

rating A. /ili that proved this not to be the 
case. Based on the phylogenetic conclusions 

given in the previous section, A. /ili, al- 

though indeed a member of the monophy- 
letic paludum group containing both known 

Australian Aquarius species, appears to be 

most closely related to 4. adelaidis (Dorhn), 

a species occurring in mainland Asia (India, 
Indochina, Malaya), the Philippines (Lu- 

zon), and the western Malay Archipelago 

(Sumatra, Borneo) (Fig. 5). 

This pattern of relationship, shown in Fig. 
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Eurasia, 
Japan 

India, SE Asia, 
Philippines 

Timor 

SE Africa 

Western 
Australia 

Eastern 
Australia 

Fig. 7. Area cladogram of Aquarius species in the 

paludum group (modified from Andersen, 1990). 

6, in turn leads to an interesting biogeo- 

graphic problem. A revised area cladogram 

of the species in the pa/udum group is shown 

in Fig. 7, and indicates that the Australian 

areas form a discrete component distinctly 

separated from the remaining areas in the 

Paleotropical Region. It thus appears that 

the present geographic proximity of Aquar- 

ius species in Timor and northwestern Aus- 

tralia has resulted from the northward drift 

of Australia and its incipient collision with 

the southeastward migrating Banda Arc. 

This analysis further indicates that the Aus- 

tralian species are not the result of a recent 

colonization by Asian stocks via stepping 

stone dispersal along the present Banda Arc, 

nor has the Timorese species been derived 

via dispersal of Australian stocks onto the 

advancing Banda Arc. Instead, the separa- 

tion of these lineages reflects a series of much 

older and more fundamental isolation 

events. These could have occurred as long 

distance dispersals at some point in the dis- 

tant past, but are just as likely to represent 

vicariance due to tectonic continental frag- 

mentation in the Mesozoic. 
The fact that A. /i/i is not sister to any 

Australian Aquarius species has important 
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bearing on two currently advanced hypoth- 

eses regarding the geological evolution of 
Timor. The first hypothesis, discussed ex- 

tensively by Hamilton (1979) and referred 
to subsequently as the fore-arc ridge hy- 

pothesis, maintains that Timor is the ex- 

posed crest of the Banda Arc fore-arc ridge 
which has been ramped onto the Australian 

plate margin. A second hypothesis, strongly 

supported by Audley-Charles (1986) and re- 

ferred to herein as the continental margin 
hypothesis, interprets Timor as being the 

deformed edge of the Australian continental 

plate that has ridden over the Banda sub- 

duction zone. 
The two hypotheses offer alternative bio- 

geographic scenarios. In the fore-are ridge 
hypothesis, Timor is composed of frag- 

ments of the Banda Arc system that have 
migrated southeastward from an original 

position nearer Borneo and Celebes. This 

would have allowed Asian faunal elements 

to have been tectonically rafted into closer 

juxtaposition with Australia (although it also 
permits the possibility of dispersal from an 

Asian source area onto the migrating arc at 

any time during its history). In the conti- 
nental margin hypothesis, Timor is com- 

posed of uplifted Australian plate basement 

and overlying sediments that were elevated 

in an oceanic setting and had no previous 

land connections, and any Asian elements 

occupying it would have arrived via long 

distance overwater dispersal only. The fore- 

arc ridge hypothesis is thus one that could 

invoke viariance, dispersal, or a combina- 

tion of the two, while the continental margin 

hypothesis allows only for the possibility of 

dispersal. 

The present area relationships of Aquar- 

ius species seem to support the fore-arc ridge 

hypothesis most strongly. The presence of 

an Asian derived Aquarius species on Timor 

is anomalous in light of the fact that no 
known intervening populations occur on 

Celebes, the Moluccas, or the Lesser Sunda 

Islands, where extensive aquatic Heterop- 

tera surveys have been undertaken. Had the 

ancestor of the Timorese Aquarius species 

dispersed eastward through the archipelago 

it would seem likely to have left other pop- 

ulations in its wake in these areas. This sug- 
gests that the disjunct pattern involving 4. 

lili may have been established by vicariance 

prior to the present configuration of these 

islands, possibly by tectonic rafting on con- 

tinuously subaerial fragments within the 
southeastward migrating Banda Arc or a 
precursor, as suggested above. Although Ti- 

mor is primarily composed of marine lime- 

stones and clays, it has incorporated within 

it fragments of continental and ophiolitic 

rocks that may have been transported over 

great distances from an Asian source area. 
Hamilton (1979) hypothesized that the 

Banda Arc had migrated eastward in the 

Miocene away from a position near medial 

Celebes, which at that time formed the east- 

ern margin of the Asian continent. This tec- 

tonic rafting scenario is further supported 

by the record of an Eocene fossil anthra- 

cothere (a hippopotamus relative) of South- 

east Asian affinities from central Timor (von 

Koenigswald 1967). This fossil represents a 

full sized species, unlike the Pleistocene 
pygmy stegodont proboscidians known from 

Java, Celebes, Flores, and Timor (Hooijer 

1970, Audley-Charles and Hooijer 1973), 
and thus does not appear to have arrived 

via Overwater dispersal. 

Another consideration involves the prox- 

imity of potential source areas from which 

dispersing ancestors could have arrived. As 

discussed above, if the continental margin 
hypothesis is accepted, then the ancestor of 

A. liliwould need to have arrived overwater, 
since the uplifted continental margin would 

have had no land connections to the Banda 

Arc islands to the north, and would have 

been separated from the exposed Pleisto- 

cene Sahul Shelf by the Timor Trough. Based 

on geographical proximity and prevailing 

wind regimes, however, such dispersal 

would seem more likely to originate from 
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nearby northwestern Australia rather than 

from more distant populations in the west- 

ern Malay Archipelago, a pattern not sup- 

ported by the cladistic evidence. 

These lines of reasoning do not prove or 

refute either geological scenario, but do seem 
to lend greater support to the fore-arc ridge 

hypothesis. Timor contains additional un- 
usual elements in its aquatic Heteroptera 

fauna, and ongoing studies may provide fur- 

ther evidence bearing upon such geological 

and zoogeographical problems. For exam- 

ple, a preliminary phylogenetic analysis of 

the gerrid genus Ptilomera indicates that the 

morphologically abberrant Timorese rep- 

resentative, P. timorensis Hungerford and 

Matsuda, is most closely related to species 

occurring on the Asian mainland and the 
Greater Sunda islands rather than to species 

occurring on the nearby Lesser Sunda is- 

lands of Sumbawa, Flores and Sumba. Ti- 

mor thus remains an anomalous island 

within the Malay Archipelago, and zoogeo- 

graphic studies of its aquatic Heteroptera 

fauna hold the promise of further indepen- 

dent evidence regarding the island’s tectonic 
evolution. 
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ORTHOTYLUS ROBINIAE: A GLEDITSIA RATHER THAN ROBINIA 
SPECIALIST THAT RESEMBLES THE HONEYLOCUST PLANT BUG, 

DIAPHNOCORIS CHLORIONIS (HETEROPTERA: MIRIDAE) 

A. G. WHEELER, JR. AND THOMAS J. HENRY 

(AGW) Bureau of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, 
Pennsylvania 17110; (TJH) Systematic Entomology Laboratory, PSI, ARS, % U.S. Na- 

tional Museum of Natural History, Washington, D.C. 20560. 

Abstract. —A little-known plant bug, Orthotylus robiniae Johnston, is reported as the 

eighth mirid species that specializes on honeylocust (Gleditsia triacanthos). It has gone 

unnoticed on native and ornamental honeylocust because nymphs and adults are re- 

markably similar to those of the more abundant Diaphnocoris chlorionis (Say), the honeylo- 

cust plant bug, and because it has a similar seasonal history. Seasonality of a Pennsylvania 

population of O. robiniae is reported, and 18 new state records are given. Diagnoses are 

provided to allow the adult and nymphs of O. robiniae to be separated from the pestiferous 

D. chlorionis. 

Key Words: 
ditsia, biology, distribution 

Honeylocust, Gleditsia triacanthos L. 

(Fabaceae), is a leguminous tree native to 

much of eastern North America. Fruitless 
and thornless cultivars have been widely 

planted as ornamentals. A diverse plant bug 

or mirid fauna is associated with this plant, 
both in its natural habitat (usually rich 

woods, bottomlands, and flood plains) and 

in the urban and suburban landscape. In 

addition to several species that use honey- 

locust as an occasional or adventitious host, 
seven species apparently are restricted to 
this tree. These specialists include the main- 

ly flower-feeding mirines Lygocoris tinctus 

(Knight) and Taedia gleditsiae (Knight) and 
phylines Plagiognathus delicatus (Uhler) and 
P. gleditsiae Knight; the foliage-feeding or- 

thotylines Diaphnocoris chlorionis (Say) and 
Lopidea incurva Knight; and a mainly pred- 

atory phyline Pilophorus walshii Uhler 
(Wheeler and Henry 1976). 

An overlooked honeylocust specialist is 

Heteroptera, Miridae: Orthotylus robiniae, hosts, misnomer, Robinia, Gle- 

Orthotylus robiniae Johnston. This green 
orthotyline is easily confused with the hon- 

eylocust plant bug, D. chlorionis, an im- 

portant pest of ornamental honeylocust. 

Herein we give new state records of O. ro- 

biniae,; summarize our biological observa- 

tions, comparing and contrasting what is 

known of its seasonality and habits with 

those of D. chlorionis,; and provide diag- 
noses that allow the adult and nymphs to 

be separated from those of the honeylocust 

plant bug. 

Orthotylus robiniae Johnston 

This mirid was described from Natchez, 

Mississippi, based on 18 specimens col- 
lected 15 May 1931, on “locust (Robinia 

pseudo-acacia), which is no doubt the host 

plant” (Johnston 1935). Knight (1941) add- 

ed Illinois to the known distribution and, 

apparently based on Johnston’s statement, 

listed black locust, R. pseudoacacia L., as 
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the host. Froeschner (1949) reported it from 

Missouri; Blinn and Yonke (1986) gave ad- 

ditional Missouri records, including speci- 

mens collected from black locust and from 

honeylocust. 
We first encountered O. robiniae on hon- 

eylocust in eastern Texas in 1983. A collec- 
tion assumed to represent the common D. 

chlorionis proved to be a mixture of that 
species and O. robiniae. The latter, how- 

ever, had not been found during a survey 

of the Miridae associated with honeylocust 
(Wheeler and Henry 1976). But the out- 

break levels of D. chlorionis on trees used 

for our study of seasonal history in Penn- 

sylvania would have masked small numbers 

of O. robiniae. Because we had not sus- 

pected the presence of a putative black lo- 

cust feeder on honeylocust, we did not scru- 
tinize each green orthotyline in weekly 

samples that contained several hundred or 

even more than 2000 honeylocust plant bugs 

(Wheeler and Henry 1976). 

Distribution. —A resurvey of honeylocust 

in the eastern United States, which was be- 

gun after discovery of O. robiniae on this 
plant in 1983, resulted in the following new 

state records (Fig. 1). All records are from 

our fieldwork except Iowa, which is from 
material in the National Museum of Nat- 

ural History, Washington, D.C. (USNM), 

and New York, which is from a collection 

by K. Valley. Voucher specimens have been 

deposited in the collections of the USNM 

and Pennsylvania Department of Agricul- 

ture, Harrisburg (PDA). 

USA: ALABAMA. Lee Co.: Auburn Uni- 
versity, Auburn, 7 May 1986. CONNECT- 

ICUT. Hartford Co.: Canton, 16 June 1991. 

DELAWARE. New Castle Co.: University 

of Delaware, Newark, 23 June 1984. IN- 

DIANA. Cass Co.: Logansport, 5 July 1986. 

IOWA. Boone Co.: Madrid, 27 June 1964, 

R. Baldwin; Story Co.: Ames, 21 June 1964, 

H. H. Knight and 26 June 1964, W.S. Craig. 

KENTUCKY. Anderson Co.: Nr. Johnson- 

ville, 6 June 1985; Simpson Co.: Nr. Prov- 

idence, 4 June 1985. MARYLAND. Carroll 

Co.: Eldersburg and Western Maryland Col- 

lege, Westminster, 25 May 1991. MAS- 

SACHUSETTS. Berkshire Co.: North Ad- 
ams State College, North Adams, 15 June 
1991. NEW HAMPSHIRE. Strafford Co.: 
University of New Hampshire, Durham, 27 

June 1989. NEW YORK. Herkimer Co.: 
West Winfield, 30 June 1984; Onondaga 
Co.: Skaneateles, 30 June 1984; Ontario Co.: 

Naples, 24 June 1984, K. Valley; Seneca 

Co.: Seneca Falls, 30 June 1984; Tompkins 

Co.: Cornell University, Ithaca, 24 July 

1983. OHIO. Athens Co.: Ohio University, 

Athens, 19 May 1991. PENNSYLVANIA. 
Numerous localities in counties of Brad- 

ford, Butler, Centre, Clinton, Cumberland, 
Dauphin, Elk, Huntingdon, Indiana, Juni- 

ata, Lancaster, Lycoming, Mifflin, Mon- 

tour, Northumberland, Snyder, Susquehan- 

na, Union, Warren, Westmoreland, and 

York. SOUTH CAROLINA. Pickens Co.: 

Clemson University, Clemson, 4 May 1991. 

TENNESSEE. Dyer Co.: N. of Dyersburg, 
2 June 1985; Hawkins Co.: Nr. Surgoins- 

ville, 26 May 1985. TEXAS. Grimes Co.: 
Nr. Anderson, 30 April 1983. VERMONT. 

Bennington Co.: Bennington College, Ben- 

nington, 15 June 1991. VIRGINIA. Clarke 

Co.: Univ. Va. Blandy Exp. Farm, 2 mi. S. 
of Boyce, 39°05'N, 78°10'W, 4 June 1993. 

Montgomery Co.: VPI & SU campus, 

Blacksburg, 2 June 1989; Rockingham Co.: 

Harrisonburg, 25 May 1985. WEST VIR- 
GINIA. Marion Co.; Fairmont State Col- 

lege, Fairmont, 6 June 1991. 

Seasonal history and habits.—Informa- 
tion on seasonality is based mainly on col- 
lections and observations made at Emigs- 

ville (York Co.), Pennsylvania. On each 

sample date in 1985 and 1986 (late April 

to early July), green orthotyline nymphs were 

collected from a large native honeylocust 

tree by tapping branches over a small wood- 

en tray (25 x 30 cm). They were preserved 

(number not standardized) in 70% ethanol 

and sorted to species (D. chlorionis or O. 
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EJ Natural Range of Honeylocust 

@ New Records of O. robinice 

*& Type Locality 

A Other Previous Records 

Fig. 1. 

of honeylocust is based on Little (1971). 

robiniae) and instar in the laboratory. Once 

adults appeared, a sample (unstandardized 

number) was collected for identification. 
In addition, two native honeylocusts were 

sampled twice each week in 1991 (10-23 

May) at the same site. A sample of green 

orthotyline nymphs was collected (first 50 

encountered during beating of foliage over 

a tray) and preserved in alcohol for labo- 

ratory analysis. Sampling continued until 

no nymphs of either species were found (28 

May). Supplemental biological data were 

obtained from collections and observations 
made in Pennsylvania nurseries during 
1983-1986. 

In 1991, the presence of second instars 

on 10 May (Fig. 2) suggests that egg hatch 

of O. robiniae had begun by early May. Pop- 

ulations of D. chlorionis on 10 May con- 

Distribution of Orthotylus robiniae in relation to that of its host plant, Gleditsia triacanthos; range 

sisted mainly of third instars; its eggs are 

known to hatch from early to late April in 

south-central Pennsylvania (Wheeler and 

Henry 1976, Wheeler and Loan 1984). 

Third- and fourth-instar O. robiniae were 
taken on 16 May when four teneral adults 

of D. chlorionis were collected and fifth in- 
stars predominated in the 50-nymph sam- 

ple. By 20 May, fourth and fifth instars of 

O. robiniae were present with fifth instars 

(23 of 31 parasitized) and numerous adults 

of D. chlorionis. Three days later nearly all 
individuals of O. robiniae were fifth instars 

(37 of 38), and all remaining fifth instars of 

D. chlorionis (12 in sample) were parasit- 

ized. The first O. robiniae adults were col- 
lected on 28 May, when no nymphs of either 

mirid could be found. 
Seasonality in 1991 was similar to that 
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Diaphnocoris chlorionis 
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Fig. 2. Seasonal history of D. chlorionis (DC) and Orthotylus robiniae (OR) in south-central Pennsylvania 

in 1991; a generalized seasonality of both species is shown above. 
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observed in 1985 and 1986. Adults of O. 
robiniae were first seen on 28 May in 1985; 
only late-stage nymphs (mostly fifth instars) 

had been found three days earlier. In 1986, 
O. robiniae adults were first collected in the 

2 June sample. 

Males of both species are present for a 

short period. Although males of D. chlo- 
rionis outnumbered females (29:25) in a 

sample taken 31 May 1985 at Emigsville, 

males were absent on 6 June and in later 

collections. A few males of O. robiniae were 
present on 20 June, but none could be col- 

lected a week later. No adults of either spe- 
cies were seen on 5 July 1985. Our latest 

record of O. robiniae at Emigsville is 9 July 

1984. 
In certain localities and on some trees O. 

robiniae is absent, or its numbers are much 

smaller than those of D. chlorionis. Rarely 
are densities of O. robiniae equal to those 

of D. chlorionis, although by mid-June, when 

numbers of the honeylocust plant bug are 

declining, adults of O. robiniae may out- 
number D. chlorionis adults. 

Feeding habits of O. robiniae were not 

determined. Nymphs were beaten from 

nonflowering branches of honeylocust with 

those of D. chlorionis, and adults have been 
observed on leaflets. This species may con- 

tribute to the foliar injury caused by the 

honeylocust plant bug (Wheeler and Henry 

1976, Herms et al. 1987), but its feeding 
likely does not produce the chlorosis, dis- 

tortion, and defoliation that are character- 
istic of early season feeding by D. chlorionis. 

Sucking insects, including mirids, do not 

always induce feeding symptoms on their 

host plants (e.g. Puchkov 1956). 

Diagnostic features.—O. robiniae keys to 
the genus Orthotylus in Knight (1941) based 

on the convergent parempodia, simple pu- 

bescence, and lack of a carina on the vertex 

ofa relatively narrow head. In Knight’s key, 
O. robiniae is recognized by the overall green 

coloration, small size (less than 4.00 mm), 

simple pale dorsal setae, relatively long ros- 
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trum extending to the apex of the mesoster- 

num or bases of the mesocoxae, and the 

shorter second antennal segment that 1s less 

than three times the width of the vertex. 

Superficially O. robiniae resembles D. 

chlorionis in size, shape, and overall green 

coloration. However, it is readily separated 

by the longer rostrum extending past the 
mesosternum to the mesocoxae (extending 

only to the middle of the mesosternum in 

D. chlorionis), pale dorsal setae (pale mixed 

with dark-brown or fuscous setae in D. chlo- 
rionis), the shorter first antennal segment in 
males that is shorter than the width of the 
vertex (longer than vertex in D. chlorionis), 

the shorter second antennal segment in 

males that is subequal to the basal width of 

the pronotum (much longer than width of 

pronotum in D. chlorionis), and by the male 

genitalia. The aperture of the male genital 

capsule is large and open; the right paramere 

has three long, apically acute processes 

forming a 3-pronged, comblike structure 

(figured by Knight 1941); and the left par- 

amere is stout and C-shaped. In D. chlo- 

rionis the aperture of the male genital cap- 

sule is very small, open enough only to 

accommodate the small, simple parameres 

(figured by Knight 1941 and Kelton 1965), 

characteristics that prompted Kelton (1965) 

to transfer this species from Orthotylus to 
his genus Diaphnocoris. 
Nymphs of these two species also are quite 

similar in size and color and are easily con- 

fused. We have found that antennal segment 

III in O. robiniae is always longer than seg- 

ment II, whereas in D. chlorionis antennal 

segment III is always shorter than segment 

II. This character will separate the two spe- 

cies regardless of instar. The length of the 

rostrum also will aid in separating them, 

although well-preserved individuals are 
necessary to ensure accurate interpretation. 
In O. robiniae the rostrum nearly attains the 

metacoxae, whereas in D. chlorionis, it ex- 
tends just past the procoxae. 
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DISCUSSION 

Orthotylus robiniae and the honeylocust 

plant bug, Diaphnocoris chlorionis, are uni- 

voltine, similar-appearing orthotyline mi- 

rids that develop on honeylocust. Both spe- 

cies now occur well outside the original range 
of this tree (see Fig. 1). Range expansion of 

the plant bugs probably has resulted more 

from movement of egg-infested honeylo- 

cust nursery stock than from natural dis- 

persal of adults. 

Seasonal history of the two mirids also is 

similar. Egg hatch of D. chlorionis occurs in 

early to late April in south-central Penn- 

sylvania, whereas O. robiniae eggs hatch 

about two weeks later (early May in 1991). 

Both are found on honeylocust leaflets, al- 

though it has not been shown that O. ro- 

biniae causes symptoms similar to those of 

D. chlorionis. Because O. robiniae popula- 

tions have not been observed to reach the 

outbreak numbers characteristic of the hon- 

eylocust plant bug on ornamental cultivars, 

this “lookalike” mirid may not be econom- 
ically important. At most, it would prolong 

feeding pressure from green Orthotylinae on 
honeylocust and perhaps slightly intensify 

the injury inflicted by D. chlorionis. 

We can be more definite about the host 

range of O. robiniae than about its precise 

manner of feeding and economic impor- 

tance. The specific epithet robiniae is a mis- 

nomer. Orthotylus robiniae is a Gleditsia 
muirid, the eighth species of the family known 

to specialize on honeylocust. It does not oc- 

cur on Robinia pseudoacacia (black locust) 

as its name implies, except perhaps as oc- 

casional or accidental adults that disperse 

from honeylocust. 

We suggest that Johnston (1935) actually 

collected the type series on Gleditsia tria- 
canthos rather than on Robinia pseudoaca- 

cia. The host plant may have been mis- 

identified in the field. Or the tree could have 

been recorded as “locust” in field notes and 

the kind of locust incorrectly stated when 

the species was described several years later. 

Honeylocust often is confused with black 
locust (Collingwood and Brush 1947), and 

in some parts of the United States honey- 
locust has been mistakenly called black lo- 

cust (Li 1963). It seems unlikely that such 

a large number of adults (18) would have 
dispersed to black locust. We have collected 

nymphs only on honeylocust and have not 

found adults on black locust. 

Discovery of a honeylocust plant bug 

lookalike raises several questions concern- 

ing previous work on D. chlorionis. Was the 

initial biological study of this honeylocust 

pest (Wheeler and Henry 1976) based on a 

mixed-species population? Was the host of 

Peristenus henryi Loan, a braconid parasit- 

oid of the honeylocust plant bug (Wheeler 

and Loan 1984), accurately identified, or 

was it O. robiniae, or both species? 

Our seasonal history work on D. chlo- 
rionis (Wheeler and Henry 1976) was done 

mainly in a Harrisburg, Pennsylvania, cem- 

etery. No O. robiniae were found in alcohol- 

preserved adults (several hundred) used in 

that study, although most adults taken in 

weekly sampling were not preserved. After 

we realized O. robiniae is a honeylocust 
feeder that could easily have been over- 

looked in our earlier study, we resampled 

and detected it at the cemetery in 1983 and 

1984. One adult was collected in 1983, and 
a sample of adults taken on 19 June 1984 

contained 90 D. chlorionis and 5 O. robini- 

ae. It is possible that the large population 

of D. chlorionis recorded in weekly sampling 
during 1975 and 1976 (Wheeler and Henry 

1976) consisted of a small number of un- 

recognized O. robiniae. But if the ratio of 

O. robiniae to D. chlorionis in Harrisburg 
had been as high as that later encountered 

at Emigsville, we are confident that the pres- 

ence of a second green orthotyline would 
have been noticed. At Harrisburg, small 

numbers of O. robiniae in a large population 

of D. chlorionis (usually 500 to >2000 in- 

dividuals per sample) would not have sig- 

nificantly altered the seasonality reported 

for the honeylocust plant bug. Later studies 
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of this pest (e.g. Herms et al. 1987), assum- 

ing low densities of O. robiniae, would sim- 
ilarly be little affected. 

The description of Peristenus henryi as a 

nymphal parasitoid of D. chlorionis and a 
rearing record of Leiophron maculipennis 

(Ashmead) from the same mirid (Wheeler 

and Loan 1984) could well have been based 

on a misidentification of the host. The ho- 

lotype of P. henryi and six of nine paratypes 

were reared from green orthotylines col- 

lected on the same honeylocusts at Emigs- 

ville where D. chlorionis and O. robiniae are 
now known to coexist. However, adults of 
this parasitoid were collected from honey- 

locust during 21-28 April 1976 when sec- 
ond- and third-instar D. chlorionis were 

present (Wheeler and Loan 1984); parasit- 

oid females may have emerged slightly ear- 

lier because Peristenus spp. usually parasit- 

ize first or second instar mirids (Loan 1974). 
In any case, the time of adult emergence is 

synchronized with the appearance of early 

instar D. chlorionis rather than O. robiniae. 

In addition, parasitized nymphs of the 

honeylocust plant bug were common during 

sampling at Emigsville in 1991, whereas no 
parasitism was observed in O. robiniae. It 

is therefore likely that the two euphorine 

braconids are indeed natural enemies of the 
injurious D. chlorionis rather than the less 

common (O. robiniae. 
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CHORIONIC FINE STRUCTURE OF THE EGG OF THE OAK TINGID, 
CORYTHUCHA ARCUATA (SAY) (HEMIPTERA: TINGIDAE) 

GERALD T. BAKER AND RICHARD L. BROWN 

Department of Entomology, Mississippi State University, Box 9775, Mississippi State, 
Mississippi 39762. 

Abstract. —The egg of Corythucha arcuata consists of two distinct regions, 1) the smooth 

basal portion that is surrounded by an unknown substance secreted by the female and 2) 

the operculum that is made up of an apical rim and cap and the most distinctive area of 
the egg. Reticulations cover the outer and inner surfaces of the rim, that projects outward 

and varies in height. The lower portion of the cap that fits into the rim is smooth and 

then the cap bulges outward dorsally and has a reticulated surface. The upper portion of 

the cap consists of over-lapping pieces of chorion. Both the rim and cap are highly porous. 

The thick exochorion is separated from the thin endochorion by irregularly spaced tra- 

beculae. A vitelline membrane with a fibrous appearance is situated just beneath the 

chorion. 

Key Words: 

Information on the structure of insect eggs 

has been used to indicate phylogenetic trends 

in families within Hemiptera (Southwood 

1956, Cobben 1968). Hinton (1981) also 

presents data on the structure of hemipteran 

eggs including a cursory description of tin- 

gid eggs. Livingstone and Yacoob (1987) 

and references therein provide the only de- 

tailed biosystematic reviews of Tingidae 

based on morphological and biological de- 

tails of the egg stage. Lace bugs belonging 
to the genus Corythucha feed on a wide va- 
riety of deciduous shrubs and trees, and 

populations of these species often reach pest 

status. The oak lace bug, Corythucha ar- 

cuata (Say), has been recorded from apple, 
maple, and roses, but feeds primarily on 

species of Quercus. Morrill (1903) and Bai- 

ley (1951) provided descriptions of the egg, 

nymph, and adult stages of C. arcuata and 

other Corythucha. There are no detailed ac- 
counts of the chorionic structure of any Cor- 

Hemiptera, Tingidae, Corythucha, egg, chorion, operculum 

ythucha species. In this paper we describe 

the chorionic fine structure and opercular 

region of C. arcuata eggs. 

MATERIALS AND METHODS 

Eggs of C. arcuata were taken from the 
underside of oak leaves. Fifteen eggs were 
fixed overnight in 4% glutaraldehyde in Na- 

cacodylate buffer (pH 7.2) at 4°C. After rins- 

ing in buffer, some specimens were soni- 

cated to remove a covering placed over the 

eggs by the female lace bug. The sonicated 

and non-sonicated eggs were post-fixed in 

2% OsO, for 4 hand then washed in distilled 

water. Prior to critical point drying, the 

specimens were dehydrated in a graded se- 

ries of ethanol. The eggs were mounted on 

stubs with double-sided sticky tape, coated 

with gold-palladium, and examined with a 
Cambridge 360 scanning electron micro- 
scope at 15 kV. Images were recorded on 

Polaroid Type 55 film. Eight eggs were pro- 
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cessed for mounting in balsam and mea- 

surements of these eggs were taken with a 

light microscope with a calibrated ocular 
micrometer. 

RESULTS 

Eggs are situated on the underside of oak 

leaves in loose clusters. The tapered pos- 

terior end of the egg is deposited into the 

leaf tissue on the lower surface in a vertical 
position. The exposed apical end is covered 

by an unknown substance produced by the 

female (Fig. 1). The exudate has a rough 

appearance and is unevenly coated over the 

exposed outer surface of the egg (Fig. 1). The 

length of an egg is 583 um (563-604 wm, N 

= 8) and 206 um (199-210 um, N = 8) wide. 
There is no ornamentation on the outer cho- 

rionic surface (Fig. 2). The chorion consists 

ofan exochorion that is 2.8 um (2.7—3.0 wm) 

wide and an endochorion 0.19 um (0.17- 

0.21 wm) wide (Fig. 3). Irregularly spaced 

trabaculae separate the two portions of the 

chorion (Fig. 3). 
The apical or opercular area of the egg is 

the most distinctive, consisting of a rim and 

acap with a long filamentous extension (Fig. 
4). The rim, which encircles the apex of the 

egg, varies in height from 8 um to 27 um 

and is covered by reticulations on both sur- 

faces (Figs. 4, 5). The rim projects outward 

in order to accommodate the cap so that it 

is secured on the apex of the egg by the rim 

(Figs. 4, 5). 

A relatively smooth band of chorion forms 

the lower portion of the cap (Fig. 4) and the 

cap bulges outward just above this smooth 

area (Fig. 4). The surface of the protruding 

portion and the lower division of the cap 

are deeply reticulated (Figs. 5, 6), whereas 
the upper division of the cap is faintly re- 

ticulated, rough-textured, and has a layered 

appearance (Fig. 5). Except for the smooth 

band at the bottom, the cap is highly porous 
(Figs. 5, 6) and the inner surface is smooth 

(Fig. 7). Immediately beneath the chorion 

is the vitelline membrane which is 0.03 um 
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thick and has a matted, fibrous appearance 

(Fig. 8). 

DISCUSSION 

Within the family Tingidae there are sev- 
eral ways in which eggs are oviposited on 

leaf tissue, and these are put forth by South- 

wood (1956) and Cobben (1968). According 

to Cobben (1968) the deposition of eggs in 

batches and vertical position is considered 

as being (1) primitive, (2) parsimonious use 

of space, and (3) associated with some form 

of parental care. Also species within genera 

of Tingidae exhibit a wide variety of ovi- 
positional behaviours such as those pre- 

sented by Livingstone and Yacoob (1987) 

and Bailey (1951) which provide oviposi- 

tional details on the various species of Cor- 

ythucha. Eggs of C. arcuata can be differ- 
entiated from other species of Corythuca by 

the shape and size of the cap and rim, 

whether or not the egg is coated after ovi- 

position, the type of host plant, and where 

and how the egg is placed in the plant tissue. 

These criteria were used by Morrill (1903) 

to separate three species of Corythucha. The 

external coating that is placed on the eggs 

of C. arcuata occurs in other species of Cor- 

ythucha and in other genera as well (Dick- 
erson and Weiss 1916, Johnson 1936, Bai- 

ley 1951, Livingstone and Yacoob 1987, 
Neal and Douglass 1988). This coating 

which is produced by the female probably 

prevents the desiccation of the eggs which 

are exposed to air currents that pass over 
the leaf surface. Livingstone and Yacoob 

(1986) and Neal et al. (1991) showed that 

the coating on tingid eggs did not deter at- 

tacks of parasitoids or predators on the eggs. 

The cap and mm are the only portions of 
the eggs that exhibit any type of variation 

from genus to genus and species within a 

particular genus. In earlier descriptions of 

C. arcuata eggs, such as Morrill (1903) and 
Bailey (1951), reference is made to the ridg- 

es that occur on the cap but ridges were not 
observed on the cap of the specimens ex- 
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Figs.1-6. Corythucha arcuata egg. Fig. 1. Loose cluster of eggs on the lower leaf surface in a vertical position 

with outer covering. Fig. 2. Rim, cap, and filament of the operculum. Fig. 3. Section through the chorion showing 

the exochorion and endochorion separated by trabeculae. Fig. 4. Cap and rim separated. Fig. 5. Cap and rim 

joined; cap with reticulate surface. Fig. 6. Layers of the cap (arrows) and porous areas within the reticulations. 

C = cap, EN = endochorion, EX = exochorion, F = filament, R = rim, T = trabeculae. 
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surface. Fig. 8. Reticulate inner surface of the rim and the vitelline covering. 

amined for this paper. There is no mention 

of the reticulated surface of the rim and low- 

er portion of the cap or the layering on the 

upper portion of the cap. In the future, eggs 

of other Corythucha species need to be ex- 

amined in order to determine the morpho- 

logical differences and similarities. These 

data may provide important taxonomic in- 

formation. 
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APHIDS (HOMOPTERA: APHIDIDAE) OF POTENTIAL IMPORTANCE ON 
CITRUS IN THE UNITED STATES WITH ILLUSTRATED 

KEYS TO SPECIES 

MANyYA B. STOETZEL 

Systematic Entomology Laboratory, Agricultural Research Service, USDA, Beltsville, 

Maryland 2070S. 

Abstract.—In commodities produced by the U.S. in 1990, citrus ranked 16th with an 

approximate value of $1814 million (Florida $1316, California $472, Arizona $16, and 
Texas $10 million). Until recently, the brown citrus aphid (BrCA), Toxoptera citricida 

(Kirkaldy), was not known to occur in the citrus-growing areas of Central and North 

America. However, in 1991, one alate BrCA was collected in a trap in melon fields in 

Costa Rica. In 1992, several colonies of BrCA were collected in Costa Rica, Dominican 
Republic, Haiti, Nicaragua, and Puerto Rico. In 1993, BrCA was collected in Cuba and 

Jamaica. This aphid is still not known to occur in the continental United States. The 

citrus industry could suffer severely with the introduction into the United States of BrCA. 
As the principal vector of citrus tristeza virus (CTV), BrCA is a threat to uninfested Citrus- 

growing areas of the United States. The pictorial and dichotomous keys and information 

on taxonomic characters, hosts, and distribution included in this manuscript will be 

invaluable tools to those surveying for BrCA in as yet uninfested areas. 

Key Words: 

The brown citrus aphid (BrCA), Toxo- 

ptera citricida (Kirkaldy), also known as the 

“tropical citrus aphid,” was described in 

1907 from specimens collected on Citrus 

throughout the Hawaiian Islands. The BrCA 

is thought to have originated in China and 

is widespread in southeastern Asia, Austra- 

ha, New Zealand, the Pacific Islands, south- 

ern Africa, and subtropical and warm tem- 

perate parts of South America. Until 

recently, the BrCA was not known to occur 

in the citrus-growing area of the Middle East, 

the Mediterranean region, the Caribbean, or 
Central and North America. However, 1n 

1991, one alate BrCA was collected in a 

yellow pan trap in melon fields in Costa 

Rica (Voegtlin and Villalobos 1992). In 

1992, I identified several BrCA from col- 
lections in Costa Rica, Dominican Repub- 

Aphids, Aphididae, Citrus, citrus tristeza virus 

lic, Haiti, Nicaragua, and Puerto Rico. In 

1993, I identified the BrCA from collections 

in Guanyamo Bay, Cuba, and in Jamaica. 

As of August 1993, the BrCA is still not 

known to occur in the continental United 

States. 
The BrCA lives almost exclusively on 

Rutaceae, especially Citrus. Reports of oth- 

er hosts are usually of a single winged spec- 

imen found resting on a nonhost or un- 

identified plant. As the principal vector of 

citrus tristeza virus (CTV), BrCA is a threat 
to uninfested Citrus-growing areas of the 

United States. 
This paper contains a brief summary of 

taxonomic characteristics, usual hosts, and 

distribution in the United States and in the 
world for each of the 13 species often found 

on citrus plants: Aphis craccivora Koch, 
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Aphis gossypii Glover, Aphis nerii (Boyer de 

Fonscolombe), Aphis spiraecola Patch, Au- 

lacorthum solani (Kaltenbach), Brachycau- 

dus helichrysi (Kaltenbach), Macrosiphum 

euphorbiae (Thomas), Myzus persicae (Sul- 

zer), Pterochloroides persicae (Cholodkov- 

sky), Toxoptera aurantii (Boyer de Fonsco- 

lombe), Toxoptera citricida (Kirkaldy), 

Toxoptera odinae (van der Goot), Toxop- 

tera victoriae Martin. All of these species 

have Citrus as a common host or they are 

polyphagous and have been recorded from 

Citrus. Pterochloroides persicae is found on 
the bark. While the other species may be 

found on older leaves, they all prefer emerg- 

ing leaves. Also included is a series of 7 

pictorial figures which can be used to iden- 
tify 12 species, Brachycaudus helichrysi 

(Kaltenbach) not included, and dichoto- 

mous keys to both the wingless and winged 

adult females of all 13 species found colo- 

nizing Citrus. None of the keys are intended 

for use in identifying single, errant alate 

aphids that can be found resting on leaves 

of Citrus and other plants. This information 

has been prepared as an aid to those charged 

with surveying Citrus in areas where the 

BrCA is not yet known to occur. Scientific 

terms, such as cauda, cornicles, and ter- 

minal process, are illustrated in the pictorial 

key. 

MATERIALS AND METHODS 

Information on distribution and hosts is 

taken from labels on slides in the National 

Entomological Collection, Beltsville, MD, 
and from records published by Palmer 

(1952) and Blackman and Eastop (1984). 

Information on virus transmission is taken 

from Kennedy et al. (1962) and Blackman 

and Eastop (1984). 

In the synonymy section, one asterisk (*) 

represents the name under which the aphid 

is treated in Palmer (1952): and two aster- 

isks (**) represent the name under which 

the aphid is treated in Blackman and Eastop 

(1984). Common names approved by the 

Entomological Society of America (Stoetzel 
1989) are given. 

1S) 

In the pictorial keys, the species are 

grouped by the shape and color of the cor- 

nicles and by the presence or absence of a 
stridulatory apparatus consisting of a cutic- 

ular pattern on the venter of the abdomen 

and peg-like setae on the hind tibiae (Fig. 

1). Characters used in the keys can be seen 

using a dissecting scope with a power of at 

least 120 (12x objecting and 10% eye- 

piece). 

APHIDS OF POTENTIAL IMPORTANCE ON 

CITRUS 

Toxoptera citricida (Kirkaldy 1907) 

(Figs. 1-3) 

**Toxoptera citricidus (Kirkaldy) 

ESA-approved common name: brown cit- 

rus aphid (BrCA) 

Other common name: tropical citrus aphid 

Taxonomic characteristics. — Wingless 

adult female: In life shiny, dark brown or 
black. Small aphid, 1.5—2.8 mm in length, 

oval. Antenna 6 segmented, terminal pro- 

cess more than twice length of base of an- 

tennal segment VI; no secondary sensoria; 
segments not banded, but V and VI usually 

progressively darker to tip of terminal pro- 

cess. Cornicle black, elongate. Cauda black, 
elongate, with 25-54 setae. Stridulatory ap- 

paratus present. 

Winged adult female: In life shiny, 

brownish black or black. Small aphid, 1.1- 

2.6 mm in length. Antenna 6 segmented, 

terminal process more than twice length of 

base of antennal segment VI; secondary sen- 

soria 7-20 on III which is wholly black and 

0-4 on IV. Cornicle black, elongate. Cauda 

black, elongate, with 25-40 setae. Stridu- 

latory apparatus present. Forewing with 

pterostigma pale and media usually twice- 

branched. 

Hosts.—Major pest of Citrus. Limited 
largely to Rutaceae, especially Citrus. 

Distribution in the United States. —Ha- 

wail. Not known to occur in the continental 

United States. 

Distribution in the world.—Asia, Africa 
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cornicle with opening a mere ring 
on a large, dark, circular base 

antennal segment VI short, 
terminal process fingerlike 
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Pterochloroides persicae (Cholodkovsky) 

cornicle with opening at end of elongated tube 
variable in length, shape and color 

antennal segment VI long, 
especially terminal process 

vi 

Vaan 
terminal process 

wing hyaline, no dark pattern 

base 

stridulatory apparatus present 

abdomen with cuticular pattern row of short, peg-like setae 
on venter under cornicle on hind tibia 

Toxoptera aurantit (Boyer de Fonscolombe) 
Toxoptera citricida (Kirkaldy) 
Toxoptera odinae (van der Goot) 
Toxoptera victoriae Martin 

wingless adult females winged adult females 
See Fig. 2 See Fig. 3 

cornicle dark 

Aphis cracctvora Koch 

Aphis gossypit Glover 

Aphis nerit (Boyer de Fonscolombe) 

Aphis spiraecola Patch 

wingless adult females winged adult females 
See Fig. 4 See Fig. 5 

Fig. 1. 

stridulatory apparatus absent 

cornicle pale 

Aulacorthum solani (Kaltenbach) 
Macrosiphum euphorbiae (Thomas) 
Myzus persicae (Sulzer) 

wingless adult females winged adult females 
See Fig. 6 See Fig. 7 

Pictorial key to 12 species of aphids who are pests or potential pests of Citrus in the United States. 



VOLUME 96, NUMBER 1 77 

wingless adult females 
cornicle elongated tube, dark 
stridulatory apparatus present 

SSS 
abdomen and whole body dark abdomen not dark 

Toxoptera victoriae Martin 

antenna with apical bands antenna not banded, 
on segments Ill, |V, V and base of VI segments III and IV pale 

. Itty LV, vi tas mV Vv_vI 

cauda with less than 20 setae 

SA dd 

Toxoptera aurantii (Boyer de Fonscolombe) 

black citrus aphid 

cornicles longer than cauda cornicles shorter than cauda 
cauda with more than 25 setae cauda with less than 20 setae 

Oe cag ae tm 
a 4 ae A 

| ¥ i en, 

Nas v. 
Cauda 

antenna with segments V and VI dark 

antenna with segments pale 

elie Vv Vi ———— ————— 

a a? iW Vv 
Toxoptera citricida (Kirkaldy) 

brown citrus aphid Toxoptera odinae (van der Goot) 

Fig. 2. Pictorial key to wingless adult females whose cornicles are dark, elongated tubes, who have a strid- 

ulatory apparatus, and who are pests or potential pests of Citrus in the United States. 
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winged adult females 
cornicle elongated tube, dark 
stridulatory apparatus present 

cornicles shorter than cauda cornicles longer than cauda 
cauda with less than 20 setae number of setae variable 

< . ares, 

antenna with segments pale 

moiVV we 

wing with media twice branched 
pterostigma pale 

ns 

Toxoptera odinae (van der Goot) 

antenna with segment III completely black, antenna with apical bands 
segments IV, V, and base of VI banded on segments Ill, IV, V and base of VI 

Ca a 
cornicles longer than cauda cornicles longer than cauda 

cauda with more than 25 setae cauda with less than 20 setae 

Pe “( 

saat 

wing media twice branced 
pterostigma pale 

- _ _«—pterostigma 

Toxoptera citricida (Kirkaldy) Toxoptera aurantii (Boyer de Fonscolombe) 
brown citrus aphid black citrus aphid 

Fig. 3. Pictorial key to winged adult females whose cornicles are dark, elongated tubes, who have a stridulatory 

apparatus, and who are pests or potential pests of Citrus in the United States. 
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(south of the Sahara), Pacific Islands, Aus- 

tralia, New Zealand, South America, Cen- 

tral America (Costa Rica, Nicaragua), Ca- 

ribbean Islands (Cuba, Dominican Republic, 
Haiti, Jamaica, Puerto Rico, U.S. Virgin Is- 

lands). 

Discussion.— Toxoptera citricida was 

originally described from specimens col- 

lected in Hawaii and is the principal vector 

of citrus tristeza virus and other citrus vi- 

ruses (Kennedy et al. 1962). This species 

can be confused with 7. aurantii, but its 

antennae are not banded in all forms and 

the pale pterostigma and usually twice- 

branched media in the alata are distinctive. 

Toxoptera aurantil 

(Boyer de Fonscolombe 1841) 

(Figs. 1-3) 

**Toxoptera aurantii (Boyer de Fonsco- 

lombe) 

ESA-approved common name: black citrus 

aphid (BICA) 

Taxonomic characteristics. — Wingless 

adult female: In life shiny, brownish black 
or black; antenna white with black apical 

bands on segments III-VI. Small aphid, 1|.1- 

2.0 mm, in length, oval. Antenna 6 seg- 

mented, terminal process more than twice 

length of base of antennal segment VI, no 
secondary sensoria. Cornicle black, elon- 

gate. Cauda black, elongate, with 9-19 se- 
tae. Stridulatory apparatus present. 

Winged adult female: In life shiny, 
brownish black or black; antenna white with 

black apical bands on segments II-VI. Small 

aphid, |.1-2.0 mm in length, oval. Antenna 

6 segmented, terminal process more than 

twice length of base of antennal segment VI; 

secondary sensoria 2-8 on III and none on 

IV. Cornicle black, elongate. Cauda black, 

with 8-19 setae. Stridulatory apparatus 

present. Forewing with pterostigma black 

and media usually once branched. 

Hosts.— Major pest of Citrus. Has been 
reported on a wide range of host plants in 
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several plant families. Known to occur on 

several genera, including Citrus, in the Ru- 

taceae. It is also a pest of cacao, coffee, gar- 

denia, magnolia, and tea. 
Distribution in the United States. —Ala- 

bama, Arizona, California, District of Co- 
lumbia, Florida, Georgia, Hawaii, Louisi- 

ana, Maryland, New York, North Carolina, 

Oregon, Texas, and Washington. 

Distribution in the world.—Throughout 

the tropics and subtropics including the Pa- 

cific Islands. 

Discussion.— 7oxoptera aurantil proba- 

bly originated in New Zealand. It is a vector 

of several plant viruses including citrus tris- 

teza virus (Kennedy et al. 1962). This spe- 

cies can be confused with 7. citricida, but 
its banded antennae in all forms and the 
dark pterostigma and once-branched media 

in the alata are distinctive. 

Toxoptera odinae (van der Goot 1917) 

(Figs. 1-3) 

**Toxoptera odinae (van der Goot) 

Taxonomic characteristics. — Wingless 

adult female: In life grey brown to reddish 
brown; antenna pale. Small aphid, |.3-2.4 

mm in length, oval. Antenna 6 segmented, 
terminal process 2-3 times length of base 

of antennal segment VI; no secondary sen- 

soria on III; setae long and fine, length twice 

basal diameter. Cornicle dusky, short, less 

than %4 of length of cauda. Cauda black, with 
15-18 setae. Stridulatory apparatus present. 

Winged adult female: In life body grey 

brown to reddish brown; antenna pale. Small 

aphid, 1.3-2.4 mm in length, oval. Antenna 

6 segmented, terminal process 2-3 times 

length of base of antennal segment VI; 7- 

14 secondary sensoria on III; 0-4 on IV; 

setae long and fine, length twice basal di- 

ameter. Cornicle short, less than *¥4 of length 

of cauda. Cauda black, with 15-18 setae. 
Stridulatory apparatus present. Forewing 

with pterostigma pale and media twice 

branched. 
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Hosts.— Minor pest of Citrus. Reported 

to occur on several tropical shrubs in 15 

families including Anacardiaceae, Arali- 
aceae, Asteraceae, Caprifoliaceae, Erica- 

ceae, Pittosporaceae, Rubiaceae, and Ru- 

taceae. 
Distribution in the United States.—Not 

known to occur in the United States. 

Distribution in the world.—Asia and Af- 

rica. 

Discussion. — Toxoptera odinae is not 

known to transmit any plant viruses. Only 

recently was 7. odinae discovered in Africa 

(Martin 1989). 

Toxoptera victoriae Martin 1991 

(Figs. 1-3) 

Taxonomic characteristics. — Wingless 

adult female: In life body shiny black; 

mounted specimens with body smokey grey; 
nymphs dull reddish brown. Small aphid, 

1.6-1.8 mm in length, oval. Antenna 6 seg- 

mented, terminal process 2—3 times length 

of base of antennal segment VI; no second- 

ary sensoria; 5—7 setae on base of VI. Cor- 

nicle black, cylindrical, imbricated, approx- 

imately equal to length of cauda. Cauda 

black, narrowly tongue-shaped, appearing 

almost triangular in most specimens, with 

18-24 setae. Stridulatory apparatus present. 

Winged adult female: Unknown. 
Host.—Status as pest of Citrus unknown. 

Known only from Zanthoxylum scandens 

(Rutaceae). 

Distribution in the United States.— Not 

known to occur in the United States. 

Distribution in the world.— Known only 

from Victoria Peak, Hong Kong. 

Discussion.—Superficially, 7. victoriae 

resembles 7. citricida but differs in having 

smokey pigmentation in body cuticle and 

5-7 setae on base of antennal segment VI. 

The one colony collected by Martin was on 

young shoots and was tended by ants. Al- 

though alatoid nymphs have been collected, 

winged adult females are unknown. Tox- 

optera victoriae is not known to transmit 

any plant viruses. 

Aphis craccivora Koch 1854 
(Figs. 1, 4, 5) 

* Aphis medicaginis Koch 1854 (misidenti- 

fication) 

** Aphis craccivora Koch 
ESA-approved common name: 

aphid 

Other common names: black legume aphid, 

groundnut aphid 

cowpea 

Taxonomic characteristics. — Wingless 

adult female: In life body shiny black with 
large black patch on dorsum of abdomen 

and strikingly white legs; immatures often 
covered with grayish wax. Small aphid, 1.4— 

2.0 mm in length, rounded. Antenna 6 seg- 

mented, terminal process more than twice 

length of base of antennal segment VI; no 

secondary sensoria. Cornicle black, cylin- 

drical, more than 3 times as long as wide. 

Cauda black, with 7 setae. 
Winged adult female: In life body shiny 

black with black lateral areas and bands on 

dorsum of abdomen and strikingly white 

legs; immatures often covered with wax. 

Small aphid, 1.4-1.9 mm, rounded. Anten- 

na 6 segmented, terminal process more than 

twice length of base of antennal segment VI; 

secondary sensoria 4-8, | noticeably larger 

than the others, on III and none on IV. Cor- 

nicle black, cylindrical, more than 3 times 
as long as wide. Cauda black, with 7 setae. 

Hosts.— Major pest of Citrus. Polypha- 

gous but prefers plants in the Leguminosae. 

Distribution in the United States.— 
Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion. — Aphis craccivora 1s a vector 

of about 30 plant viruses (Blackman and 

Eastop 1984). Colonies are regularly tended 

by ants. 

Aphis gossypii Glover 1877 

(Figs. 1, 4, 5) 

* ** Aphis gossypii Glover 
ESA-approved common name: cotton or 

melon aphid 
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wingless adult females 
cornicle elongated tube, dark 
stridulatory apparatus absent 

cauda pale, with 4-8, usually 6, setae cauda dark, number of setae variable 

Aphis gossypii Glover 

cotton or melon aphid 

abdomen with dark dorsal patch abdomen without dark dorsal patch 
cauda with 7 setae cauda with more than 7 setae 

e — 

Aphis craccivora Koch 

cowpea aphid 

antenna with terminal process antenna with terminal process 
less than 3 times length of base of VI greater than 3 times length of base of VI 

HUSSV Vinee Ve Ui ssesenWE VS Vi 
nse S eae 

base erminal process . b ase terminal process 

cauda with 8-11 setae cauda with 9-17 setae 

Aphis nerii (Boyer de Fonscolombe) 
oleander aphid 

Aphis spiraecola Patch 

spirea aphid 

81 

Fig.4. Pictorial key to wingless adult females whose cornicles are dark, elongated tubes, who lack a stridulatory 

apparatus, and who are pests or potential pests of Citrus in the United States. 
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winged adult females 
cornicle elongated tube, dark 
stridulatory apparatus absent 

cauda pale, with 4-8, usually 6, setae cauda dark, number of setae variable 

Aphis gossypii Glover 

cotton or melon aphid 

abdomen with dark dorsal bands abdomen without dark dorsal bands 
cauda with 7 setae cauda with more than 7 setae 

eee ee g -< 

> 
Aphis craccivora Koch 

cowpea aphid 

antenna with terminal process antenna with terminal process 
less than 3 times length of base of VI greater than 3 times length of base of VI 

Ml v Vv ul —— = vi 
x : aa 

base ‘terminal process base ‘terminal process 

cauda with 8-14 setae cauda with 10-19 setae 

¢ 
if 

Aphis spiraecola Patch Aphis nerii (Boyer de Fonscolombe) 

spirea aphid Oleander aphid 

Fig. 5. Pictorial key to winged adult females whose cornicles are dark, elongated tubes, who lack a stridulatory 

apparatus, and who are pests or potential pests of Citrus in the United States. 
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Taxonomic characteristics. — Wingless 

adult female: In life body color varies from 
blackish green to green to pale yellow to 

almost white. Small aphid, 0.9-1.8 mm in 

length, rounded. Antenna 6 segmented, ter- 

minal process 2-3 times length of base of 

antennal segment VI; no secondary senso- 

ria. Cornicle black, cylindrical, more than 
3 times as long as wide. Cauda pale to dusky, 

with 4-8, usually 6, setae. 

Winged adult female: In life body color 

varies from green to almost black to pale 

yellow to almost white. Small aphid, 1.1- 

1.8 mm in length, rounded. Antenna 6 seg- 

mented, terminal process 2—3 times length 

of base of antennal segment VI; secondary 
sensoria 6-12 of similar size on III and none 

on IV. Cornicle black, cylindrical, more than 

3 times as long as wide. Cauda pale to dusky, 

with 4-8, usually 6, setae. 

Hosts.— Minor pest of Citrus. Polypha- 

gous and very damaging to many plants of 

economic importance including cotton and 

various Cucurbitaceae. 

Distribution in the United States.— 

Throughout the United States. 

Distribution in the world.—Throughout 
the world. 

Discussion. — Aphis gossypii is a vector of 

over 50 plant viruses and is reported to be 

a vector of citrus tristeza virus (Kennedy et 

al. 1962). Colonies are regularly tended by 

ants. 

Aphis nerii Boyer de Fonscolombe 

1841 

(Figs. 1, 4, 5) 

* Aphis lutescens Monell 1879 

** dphis nerii Boyer de Fonscolombe 

ESA-approved common name: oleander 

aphid 

Other common name: milkweed aphid 

Taxonomic characteristics. — Wingless 

adult female: In life with warning color- 

ation of bright yellow or yellowish-orange 
body with black cornicles and cauda and 
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usually black antennae and legs. Small aphid, 

1.5-2.6 mm in length, rounded. Antenna 6 

segmented, terminal process more than 3- 

4 times length of base of antennal segment 
VI; no secondary sensoria. Cornicle black, 

long. Cauda black, elongate, with 9-17 se- 

tae. 

Winged adult female: In life with warn- 

ing coloration of bright yellow or yellowish- 

orange body with black cornicles and cauda 

and usually black antennae and legs. Small 

aphid, 1.5-2.6 mm in length, rounded. An- 

tenna 6 segmented, terminal process more 

than 3-4 times length of base of antennal 

segment VI; secondary sensoria 6-13 on III 

and 0-5 on IV. Cornicle black, long. Cauda 

black, elongate, with 10-19 setae. 
Hosts.—Minor pest of Citrus. Found 

mainly on plants in the Asclepiadaceae, es- 

pecially Asclepias spp., and the Apocyna- 

ceae, especially Nerium oleander L. 

Distribution in the United States.— 

Throughout the United States. 
Distribution in the world.— Distributed 

throughout the tropics and subtropics in- 

cluding many Pacific Islands and into the 

southern nearctic. 

Discussion.—Aphis nerii is found occa- 

sionally on plants in families other than As- 

clepiadaceae and Apocynaceae and is known 

to transmit a few plant viruses (Blackman 

and Eastop 1984). 

Aphis spiraecola Patch 1914 

(Figs. 1, 4, 5) 

*4phis spiraecola Patch 
** Aphis citricola van der Goot 1912 
ESA-approved common name: spirea aphid 

Other common name: green citrus aphid 

Taxonomic characteristics. — Wingless 
adult female: In life body yellowish green 
to apple green with head brownish and an- 

mm in length, rounded. Antenna 6 seg- 

mented, terminal process more than twice 

length of base of antennal segment VI; no 
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secondary sensoria. Cornicle dark brown to 

black, cylindrical. Cauda dark brown to 

black, elongate, with 8-11 setae. 
Winged adult female: In life body yel- 

lowish green with head and thorax brown- 

ish. Small aphid, 1.2-2.2 mm in length, 
rounded. Antenna 6 segmented, terminal 

process more than twice length of base of 
antennal segment VI; secondary sensoria 4— 

10 on HI and 0-4 on IV. Cornicle black, 

cylindrical. Cauda black, elongate, with 8- 

14 setae. 

Hosts.— Major pest of Citrus. Polypha- 

gous with numerous host plants in over 20 

families, especially in Asteraceae, Caprifo- 

liaceae, Rosaceae, Rubiaceae, and Ruta- 

ceae, including Citrus. 
Distribution in the United States.— 

Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion. — Aphis spiraecola often caus- 

es curling and distortion of leaves and is 

reported to be a vector of a few plant vi- 

ruses, including citrus tristeza virus (Ken- 

nedy et al. 1962). Colonies are usually tend- 

ed by ants. 

Aulacorthum solani 

(Kaltenbach 1843) 

(Figs. 1, 6, 7) 

*Myzus solani (Kaltenbach) 

** 4ulacorthum solani (Kaltenbach) 

ESA-approved common name: foxglove 

aphid 

Other common name: potato aphid 

Taxonomic characteristics. — Wingless 
adult female: In life pale green to yellow, 
black tips on antennal segments and cor- 

nicles. Small to medium-sized aphid, 1.8- 

3.0 mm in length, oval. Antenna 6 seg- 

mented, terminal process 5-6 times length 

of base of antennal segment VI; secondary 

sensoria 1-6 on III. Cornicle with tip dark, 

cylindrical, with distinct flange and 2 rows 

of cross striations. Cauda pale, with 6 setae. 

Winged adult female: In life yellowish 

green with brownish head and thorax and 

dorsum of abdomen with dark, broken, 

transverse bars. Small to medium-sized 

aphid, 2.0-3.0 mm in length, oval. Antenna 

6 segmented, terminal process 5—6 times 

length of base of antennal segment VI; sec- 
ondary sensoria 8-13 on III and none on 

IV. Cornicle with tip dark, cylindrical, with 

distinct flange and 2 rows of cross striations. 

Cauda pale, with 6 setae. 

Hosts.— Minor pest of Citrus. Polypha- 

gous on many families of both dicots and 
monocots, but not grasses. It is a common 

pest in greenhouses. 

Distribution in the United States.— 
Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion.—Aulacorthum solani is re- 

ported as a vector of over 40 plant viruses 

(Blackman and Eastop 1984). 

Brachycaudus helichrysi 
(Kaltenbach 1843) 

* Aphis helichrysi Kaltenbach 

** Brachycaudus helichrysi (Kaltenbach) 

Other common names: leaf-curl plum aphid, 

leaf-curling plum aphid, peach leaf curl 

aphid 

Taxonomic characteristics. — Wingless 

adult female: In life body green to brownish 

yellow with a waxy bloom. Small aphid, 

0.9-2.0 mm in length, oval. Antenna 6 seg- 

mented, terminal process more than twice 

length of base of antennal segment VI; no 

secondary sensoria. Cornicle pale, tapering, 
smooth. Cauda pale, helmet-shaped, not 

longer than width at base, with 5-7 setae. 

Winged adult female: In life body head 
and thorax dark, abdomen green with dark 

lateral areas on some segments. Small aphid, 

1.1-2.2 mm in length, oval. Antenna 6 seg- 

mented, terminal process more than twice 

length of base of antennal segment VI; sec- 
ondary sensoria 20-30 on III and 10-12 on 

IV. Cornicle pale to dusky, tapering, smooth. 
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wingless adult females 
cornicle elongated tube, pale 
stridulatory apparatus absent 

inner faces of frontal tubercles inner faces of frontal tubercles 
parallel in dorsal view divergent in dorsal view 

14 
frontal tubercle 

frontal tubercl rcle 

cornicles slightly swollen 
tips may be dark 

Myzus persicae (Sulzer) 

green peach aphid 

y 
7 

+—frontal tubercle 

cornicles cylindrical, flange distinct, cornicles) with reticulatlons 

2 rows of cross striations lajconetiictad area 

cauda pale, with 6 setae cauda pale, with 9-12 setae 

Aulacorthum solani (Kaltenbach) 
foxglove aphid Macrosiphum euphorbiae (Thomas) 

potato aphid 

Fig.6. Pictorial key to wingless adult females whose cornicles are pale, elongated tubes, who lack a stridulatory 

apparatus, and who are pests or potential pests of Citrus in the United States. 
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winged adult females 
cornicle elongated tube, pale 
stridulatory apparatus absent 

abdomen without dorsal markings abdomen with dark dorsal patch or bands 
cornicles with reticulations in constricted area 

cauda pale to dusky, with 9-12 setae 

= ne IF 

Macrosiphum euphorbiae (Thomas) 

potato aphid 

abdomen with dark dorsal patch abdomen with dark dorsal bands 
cornicles slightly swollen cornicles cylindrical, flange distinct, 

cauda pale to dusky, with 6 setae 2 rows of cross striations 
cauda pale, with 6 setae 

eet ot, < 

inner faces of frontal tubercles 
parallel in dorsal view - 

inner faces of frontal tubercles 
divergent in dorsal view 

frontal tubercle 

Myzus persicae (Sulzer) 

reen peach aphid 
: rs ¢ Aulacorthum solani (Kaltenback) 

foxglove aphid 

Fig. 7. Pictorial key to winged adult females whose cornicles are pale, elongated tubes, who lack a stridulatory 

apparatus, and who are pests or potential pests of Citrus in the United States. 

Cauda pale, helmet-shaped, not longerthan especially domestica L., insititia L., and spi- 

width at base, with 5-7 setae. nosa L. Secondary hosts are numerous spe- 

Hosts.—Minor pest of Citrus. Primary cies of Compositae, Boraginaceae, and Le- 
host plants are various species of Prunus, guminosae. 
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Distribution in the United States.— 
Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion.—Brachycaudus helichrysi 
usually causes leaf curling or rolling and is 

reported to be a vector of several plant vi- 

ruses (Blackman and Eastop 1984). 

Macrosiphum euphorbiae 

(Thomas 1878) 

(Figs. 1, 6, 7) 

*Macrosiphum solanifolii (Ashmead 1882) 

** Macrosiphum euphorbiae (Thomas) 
ESA-approved common name: potato aphid 

Taxonomic characteristics. — Wingless 

adult female: In life body color usually 

varying shades of green with eyes distinctly 

reddish. Small to medium-sized aphid, 1.7— 

3.6 mm in length, pear shaped. Antenna 6 

segmented, either entirely dark or dark only 

apically; terminal process more than twice 

length of base of antennal segment VI; sec- 
ondary sensoria 1-5 on basal half of III. 

Cornicle entirely pale or becoming increas- 

ingly dusky towards tip, reticulated apically 

and slightly constricted in area of reticula- 
tions; more than 3 times as long as wide. 

Cauda pale, with 9-12 setae. 

Winged adult female: In life body color 
usually varying shades of green with eyes 

distinctly reddish. Small to medium-sized 

aphid, 1.7-3.4 mm in length, pear shaped. 

Antenna 6 segmented, entirely dark except 

for segments I, II and base of III; terminal 

process more than twice length of base of 

antennal segment VI; secondary sensoria | 0- 

18 on III and none on IV. Cornicle may be 

pale but usually progressively darker to- 

wards tip, reticulated apically and slightly 

constricted in area of reticulations; more 

than 3 times as long as wide. Cauda pale, 
with 9-12 setae. 

Hosts.— Minor pest of Citrus. Polypha- 

gous, feeding on over 200 plant species in 

more than 20 families, and very damaging 

to many plants of economic importance 

which are secondary host plants. Primary 

hosts are several species of Rosa. 
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Distribution in the United States.— 

Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion. —Macrosiphum euphorbiae 1s 

reported as a vector of over 45 plant viruses 

(Blackman and Estop 1984). 

Myzus persicae (Sulzer 1776) 

(Figs. 1, 6, 7) 

* ** Myzus persicae (Sulzer) 

ESA-approved common name: green peach 

aphid 

Other common name: peach-potato aphid 

Taxonomic characteristics. — Wingless 

adult female: In life body color varies from 
dark green to grey green to pale yellow. Small 

aphid, 1.2-2.3 mm in length, oval. Antenna 

6 segmented, terminal process more than 

twice length of base of antennal segment VI; 

no secondary sensoria. Cornicle pale but tip 

may be dark, cylindrical to slightly swollen, 
more than 3 times as long as wide. Cauda 

pale to dusky, with 6 setae. Tarsi may be 

dark. 

Winged adult female: In life body color 
varies from dark green to grey green with a 

large black patch on the dorsum of the ab- 

domen. Small aphid, 1.2—2.3 mm in length, 
oval. Antenna 6 segmented, terminal pro- 

cess more than twice length of base of an- 
tennal segment VI; secondary sensoria 10- 

15 in a straight line on III; none on IV. 

Cornicle pale but tip may be dark, slightly 
swollen, more than 3 times as long as wide. 

Cauda pale to dusky, with 6 setae. Tarsi may 

be dark. 

Hosts.— Major pest of Citrus. Polypha- 

gous and very damaging to many plants, 

including Citrus, that are secondary host 

plants and are of economic importance. Pri- 

mary hosts are several species of Prunus. 

Distribution in the United States.— 
Throughout the United States. 

Distribution in the world.—Throughout 

the world. 

Discussion. — Myzus persicae is the most 

important aphid vector of plant viruses, re- 

ported to transmit well over 100 plant vi- 
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ruses, including citrus tristeza virus (Ken- 

nedy et al. 1962). 

Pterochloroides persicae 
(Cholodkovsky 1899) 

(Fig. 1) 

** Pterochloroides persicae (Cholodkovsky) 

Other common names: clouded peach bark 

aphid, cloudy-winged peach aphid 

Taxonomic characteristics. — Wingless 

adult female: In life shiny, dark brown or 
black with some white coloration; ventral 

surface silvery white. Medium to large aphid, 
2.7-4.5 mm in length, oval. Antenna 6 seg- 

mented, short, terminal process fingerlike, 

shorter than base of antennal segment VI; 
secondary sensoria 0-7 (usually none) on III 

and 1-3 on IV. Cornicle dark, a large, trun- 

cated cone with many setae. Cauda round- 

ed, not well developed. Abdomen with a 

double row of large tubercles on dorsum. 

Winged adult female: In life shiny, dark 

brown or black with some white coloration. 

Medium to large aphid, 2.7-3.6 mm in 

length, oval. Antenna 6 segmented, short, 

terminal process fingerlike, shorter than base 

of antennal segment VI; secondary sensoria 

10-14 on III and 1-5 on IV. Cornicle dark, 
a large, truncated cone with many setae. 

Cauda rounded, not well developed. Ab- 

domen with a double row of large tubercles 

on dorsum. Forewings with large pigmented 

areas along veins. 
Hosts. —Status as pest of Citrus unknown. 

Known from several species of Prunus, es- 

pecially armeniaca L., and persica (L.) 

Batsch., but also amygdalus Batsch., cerasus 
L., domestica L., and spinosa L. Also re- 

corded from Citrus, Cydonia vulgaris Pers., 

and Malus pumila Mill. 
Distribution in the United States.—Not 

known to occur in the United States. 
Distribution in the world.— Known to oc- 

cur in Central Asia (India and Pakistan); the 

Middle East; the Mediterranean area; and 

in Europe (Italy and Yugoslavia). 

Discussion. — Pterochloroides persicae 1s 

probably Asian in origin. It is a pest of var- 

ious species of Prunus (almond, apple, apri- 

cot, peach, etc.) and has been reported to 

occur on Citrus. Large populations occur- 

ring on the bark can cause fruit to fall pre- 
maturely or not to develop. The aphids are 

tended by ants and produce copious amounts 

of honeydew which serve as a substrate for 

sooty molds. 

Key TO THE WINGLESS ADULT FEMALE 

APHIDS THAT ARE POTENTIAL PESTS 

OF CITRUS IN THE UNITED STATES 

1 Cornicle with opening a mere ring on a 

large, dark circular base with appearance 

of hairy truncated cone; antennal segment 

VI short, its terminal process fingerlike; 

cauda rounded, not well developed; ab- 

domen with a double row of large tubercles 

ondorsumiy (Figs lie cine: aeetaciee re eee 

Ran Reo Cones clouded ch bene aphid, 

‘Pte rochloroides persicae (Cholodkovsky) 

- Cornicle with opening at end of elongated 

tube that is variable in length, shape, and 

color; antennal segment VI elongate, ter- 

minal process more than twice length of 

base of VI; cauda well developed; abdo- 

men lacking double row of tubercles 

Stridulatory apparatus (Fig. 1) present and 

consisting of cuticular pattern on venter of 

abdomen under cornicle and row of short, 

i) 

2(1) 

peg-like setae on hind tibia ........... 3 

- Stridulatory apparatus absent ; 6 

3(2) Abdomen and whole body dark (iss 2) 

Toxoptera victoriae Martin 

Abdomen and whole body not dark .... 4 

4(3) Antenna with segments III, 1V, V, and base 

of VI banded apically; cauda with less than 

20 setae (Fig. 2) ‘ 

. black citrus ania Toxopte ra aurantil 

(Boyer de Fonscolombe) 

- Antenna not banded, segments III and IV 

Dales FR eR eee eae tte aber 5 

5(4) | Cornicles longer than Cauda: cauda with 

more than 25 setae; antenna with segments 

V and VI dark (Fig. 2) .. brown citrus aphid, 

Toxoptera citricida (Kirkaldy) 

- Cornicles shorter than cauda; cauda with 

less than 20 setae; antenna with all seg- 

ments pale (Fig. 2) 

; . Toxoptera edie (van den Goot) 

6(2) Gonncle Gaiee see Rese = 1 

- Cornicle pale, tip may be ane Testes 10 

7(6)) “(Cauda pale\(Fig'4) 82-22. . 2.: 

Paras i cotton aphid, Aphis gossypii Glov er 

- @audaidark: 4225.00 <2 PA ES ees 
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8(7) 

9(8) 

10(6) 

11(10) 

12(11) 

Abdomen with dark dorsal patch; cauda 

with 7 setae (Fig. 4) 

. cowpea aphid, Aphis craccivora "Koch 

Abdomen without dark dorsal patch; cau- 

da with more than 7 setae ...... : 9 

Antenna with terminal process less than3 

times length of base of VI; cauda with 8- 

11 setae (Fig. 4) 

spirea aphid, Aphis si spiraect eae Patch 

Antenna with terminal process more than 

3 times length of base of VI; cauda with 

9-17 setae (Fig. 4) 

. oleander aphid, Aphis nerii 

(Boyer de Fonscolombe) 

Cauda helmet-shaped, not longer than basal 

width (not figured) ..leaf-curl plum aphid, 

Brachycaudus helichrysi (Kaltenbach) 

Cauda elongated, length more than twice 

basal width 

Frontal tubercles with inner faces parallel 

in dorsal view; cornicle slightly swollen, 

tip may be dark; cauda pale to dusky, with 

6 setae (Fig. 6) 

. green peach aphid, Myzus persicae (Sulzer) 

Facnt tubercles with inner faces diver- 

gent in dorsal view; cornicle and cauda 

variable . . 

Cornicle cylindrical, tip dark, with distinct 

flange and 2 cross striations; cauda pale, 

with 6 setae (Fig. 6) ... ..foxglove aphid, 

Aulacorthum solani (Kaltenbach) 

Cornicles constricted near tip in area of 

reticulations; cauda pale to dusky, with 9-— 

2 setae (Fig.i6)) oe cee oan a potato aphid, 

Macrosiphum euphorbiae (Thomas) 

esheyeie: ¢ Pcie Wag Sade ovsvals trove 12 

KEY TO THE WINGED ADULT FEMALE 

APHIDS THAT ARE PESTS OR 

POTENTIAL PESTS OF CITRUS IN THE 

UNITED STATES 

Cornicle with opening a mere ring on a 

large, dark circular base with appearance 

of hairy truncated cone; antennal segment 

VI short, its terminal process fingerlike; 

cauda rounded, not well developed: ab- 

domen with a double row of large, spinal 

tubercles on dorsum; forewings with large 

pigmented areas along veins (Fig. 1) . 

Rt Re A clouded peach bark aphid, 

Pter ochloroides persicae (Cholodkovsky) 

Cornicle with opening at end of elongated 

tube that is variable in length, shape, and 

color; antennal segment VI elongate, ter- 

minal process more than twice length of 

base of VI; cauda well developed; abdo- 

men lacking double row of spinal tuber- 

cles; forewings hyaline N 

2(1) 

3(2) 

8(7) 

9(5) 

10(9) 

11(10) 

89 

Stridulatory apparatus (Fig. 1) present and 

consisting of cuticular pattern on venter of 

abdomen under cornicle and row of short, 

peg-like setae on hind tibia ............ 3 

Stridulatory apparatus absent 

Cornicles shorter than cauda; antenna with 

segments pale; forewing with pterostigma 

pale and media twice branched (Fig. 3)... 

Toxoptera odinae (van der Goot) 

Cornicles longer than cauda; antenna with 

segment III wholly black or banded api- 

cally; forewing with pterostigma pale or 

dark and media once or twice branched 4 

Antenna with segment III wholly black, 

segments IV, V, and base of VI banded 

apically; forewing with pterostigma pale 

and media usually twice branched (Fig. 3) 

brown citrus aphid, 

Toxoptera citricida (Kirkaldy) 

Antenna with segments III, IV, V, and base 

of VI banded apically; forewing with 

pterostigma dark and media once branched 

(Fig. 3) black citrus aphid, 

Toxoptera aurantii (Boyer de Fonscolombe) 

Cornicle dark ... : Sede are te, RO 

Cornicle pale, tip may be Gark oescccaa. 9 

Cauda pale (Fig. 5) 

: .cotton aphid, Woh gossypii Glover 

Canda dark . ence Sse, oh 

Abdomen tm dank Gora ate ema 

with 7 setae (Fig. 5) ; 

ee cowpea aphid, Aphis craccivora Koch 

Abdomen without dark dorsal bands; cau- 

da with more than 7 setae ........ . 8 

Antenna with terminal process less than 3 

times length of base of VI; cauda with 8- 

14 setae (Fig. 5) 

mic . spirea aphid, Aphis spiraecola Patch 

Antenna with terminal process more than 

3 times length of base of VI; cauda with 

10-19 setae (Fig. 5) . 

: Glemder aphid, Aphis nerii 

(Boyer de Fonscolombe) 

Cauda helmet-shaped, not longer than basal 

width (not figured) _.leaf-curl plum aphid, 

Brachycaudus helichrysi (Kaltenbach) 

Cauda elongated, length more than twice 

basal width 

Abdomen without dorsal markings; cor- 

nicles constricted near tip in area of retic- 

ulations; cauda pale to dusky, with 9-12 

setae (Fig. 7) _. potato aphid, 

Macrosiphum euphorbiae (Thomas) 

Abdomen with dark dorsal patch or bands; 

cornicles and cauda variable . . cfeeees, tl 

Abdomen with dark dorsal patch; cornicle 

slightly swollen, tip may be dark; cauda 

pale to dusky, with 6 setae; frontal tuber- 
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cles with inner faces parallel in dorsal view 

(Big. 1) iterator tasers BeOS OU eA See CoS 

.. green peach aphid, Myzus persicae (Sulzer) 

- Abdomen with dark, dorsal, broken, 

transverse bars; cornicle cylindrical, tip 

dark, with distinct flange and 2 cross stri- 

ations; cauda pale, with 6 setae; frontal 

tubercles with inner faces divergent in dor- 

Sallviews(E1gi) me curate: foxglove aphid, 

Aulacorthum solani (Kaltenbach) 

ACKNOWLEDGMENTS 

Preparation and publication of this paper 

was made possible through funding provid- 
ed by the Plant Protection and Quarantine 

(PPQ), Animal and Plant Health Inspection 

Service (APHIS), U.S. Department of Ag- 

riculture (USDA). Susan Grupp prepared 

the 7 charts. The following individuals con- 

tributed to the improvement of this manu- 

script through their review comments: 
Douglas Ladner, PPQ, APHIS, USDA, Hy- 

attsville, MD; David J. Voegtlin, Illinois 
Natural History Survey, Champaign, IL; and 

Louise M. Russell, Michael E. Schauff, and 

Robert L. Smiley, Systematic Entomology 

Laboratory, ARS, USDA, Beltsville, MD. 

LITERATURE CITED 

Ashmead, W. H. 1882. On the Aphididae of Florida, 

with descriptions of new species. Canadian En- 

tomologist 14: 88-93. 

Blackman, R. L.and V. F. Eastop. 1984(2nd printing). 

Aphids on the World’s Crops: An Identification 

and Information Guide. Wiley, Chichester, En- 

gland, 466 pp. 

Boyer de Fonscolombe, B. E. L. J. H. 1841. Descrip- 

tion des pucerons qui se trouvent aux environs 

d’Aix. Annales de la Société Entomologique de 

France 10: 157-198. 

Cholodkovsky, N. 1899. Aphidologische Mittheilun- 

gen. Zoologischen Anzeiger 22: 468-477. 

Glover, T. 1877. Homoptera. Jn Report of the En- 

tomologist and Curator of the Museum. Report of 

the Commission on Agriculture 1876: 17-46. 

Kaltenbach, J. H. 1843. Monographie der Familien 

der Pflanzenlaiuse. Aachen 1843: 1-223. 

Kennedy, J. S., M. F. Day, and V. F. Eastop. 1962. 

A conspectus of aphids as vectors of plant viruses. 

Commonwealth Institute of Entomology, London, 

114 pp. 

Kirkaldy, G. W. 1907. On some peregrine Aphidae 

in Oahu [Hemiptera]. Proceedings of the Hawai- 

ian Entomological Society 1: 99-102. 

Koch, C. L. 1854. Die Pflanzenlause Aphiden, getreu 

nach dem Leben abgebildet und_beschrieben. 

Nurnberg Hefts II-IV: 1-134. 

Martin, J. H. 1989. Identification, occurrence and 

pest status of Toxoptera odinae (van der Goot) 

(Hemiptera: Aphididae) in Africa. Bulletin of En- 

tomological Research 79: 607-611. 

1991. A new Toxoptera species from Ruta- 

ceae in Hong Kong (Homoptera: Aphididae). Bul- 

letin of Entomological Research 81: 277-281. 

Monell, J. 1879. Part Il. Notes on Aphidinae, with 

descriptions of new species. /n Riley, C. V., ed., 

Notes on the Aphididae of the United States, with 

descriptions of species occurring west of the Mis- 

sissippi. Bulletin of the United States Geological 

and Geographical Survey of the Territories 5: 1- 

32% 

Palmer, M. A. 1952. Aphids of the Rocky Mountain 

Region. Thomas Say Foundation, vol. V. Ento- 

mological Society of America, Lanham, MD, 452 

pp. 
Patch, E.M. 1914. Maine aphids of the rose family. 

Maine Agricultural Experiment Station Bulletin 

233: 253-280. 

Stoetzel, M. B. (chairman). 1989. Common Names 

of Insects & Related Organisms. Entomological 

Society of America, Lanham, MD, 200 pp. 

Sulzer, J. H. 1776. Zweyter Abschnit. Abgekiirzte 

Geschichte der Insekten nach dem Linnaeischen 

System 1776: 1-274. 

Thomas, C. 1878. A list of the species of the tribe 

Aphidini, family Aphidae, found in the United 

States, which have been heretofore named, with 

descriptions of some new species. Bulletin of the 

Illinois State Laboratory of Natural History 2: 3— 

16. 

van der Goot, P. 1912. Uber einige wahrscheinlich 

neue Blattlausarten aus der Sammlung des Natur- 

historischen Museums in Hamburg. Mitteilungen 

aus dem Naturhistorischen Museum in Hamburg 

29: 273-284. 

1917. Zur Kenntnis der Blattlause Javas. 

Contributions a la Faune Indes Néerlandaises 1: 

1-301. 

Voegtlin, D. and W. Villalobos M. 1992. Confir- 

mation of the brown citrus aphid Toxoptera ci- 

tricidus, in Costa Rica. Florida Entomologist 75(1): 

161-162. 



PROC. ENTOMOL. SOC. WASH. 
96(1), 1994, pp. 91-97 

CRASPEDOLEPTA EAS: DISTRIBUTION, HOSTS, AND HABITS 
OF A PHLOX SPECIALIST 

(HOMOPTERA: PSYLLOIDEA: APHALARIDAE) 

A. G. WHEELER, JR. 

Bureau of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, Penn- 

sylvania 17110. 

Abstract. — Craspedolepta eas (McAtee), a psyllid known previously from Maryland and 

unrecorded since its description in 1918, is newly reported from Illinois, Missouri, Penn- 

sylvania, Virginia, and West Virginia, and an additional Maryland record is given. Phlox 
divaricata, P. stolonifera, and P. subulata are cited as the first host plant records of C. eas 

and the first members of the Polemoniaceae to serve as hosts of a Nearctic psylloid. This 
early-season, univoltine species is sometimes common on P. subulata in shale barrens 

and on shale outcrops, developing on host stems at or near ground level. Nymphs over- 

winter at the base of phlox plants, adults begin to appear by early to mid-April, and they 

usually are present only until mid- to late May. Recognition features and a photograph 

of the adult are presented. 

Key Words: 

During studies of plant bugs (Heterop- 

tera: Miridae) associated with Phlox subu- 

lata L., I collected the little-known psyllid 

Craspedolepta eas (McAtee). Herein, I give 

new distribution records of C. eas, the first 

host plant associations, and notes on its sea- 

sonal history and habits. Recognition fea- 

tures of the adult are provided. 

Craspedolepta eas (McAtee) 

This psyllid was described in the genus 

Aphalara Foerster from specimens collected 

in Maryland near the Potomac River in the 

Washington, D.C., area: Plummers Island 

(and vicinity) and Great Falls (McAtee 

1918). McAtee said he swept adults from 

low vegetation but was unable to determine 

the host. The unusual specific epithet is an 

acronym that honors E. A. Schwarz, a co- 

leopterist and entomologist of diverse in- 

terests, including the Psylloidea (McAtee 
1918, Howard et al. 1928). 

No additional specimens of C. eas have 

Insecta, Psylloidea, distribution, host specialization, shale barrens 

been reported since its original description, 
and subsequent literature references to this 

species have been few. Russell (1973) rec- 

ognized Craspedolepta Enderlein as a Hol- 

arctic genus distinct from 4phalara and in- 

cluded eas among North American taxa 

transferred to Craspedolepta. Journet and 
Vickery (1978) agreed with the placement 

of eas in Craspedolepta. Journet and Vick- 

ery (1979) figured male and female repro- 

ductive structures and terminalia in revis- 

ing the Nearctic species of Craspedolepta, 
noting C. eas is known only from one region 
in Maryland and that the host is unknown. 

Hodkinson’s (1988) annotated checklist of 

Nearctic psyllids reconfirmed the limited 

distribution and lack of biological infor- 
mation. 

DISTRIBUTION 

The following records of C. eas extend 

the known range (Figs. 1, 2); all specimens 
were collected by the author from Phlox 
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Figail 

spp. (see also Host Plants and Habitats). 

Voucher material has been deposited 1n the 

collections of the Carnegie Museum of Nat- 

ural History, Pittsburgh, PA (CMNH); Cor- 

nell University, Ithaca, NY (CUIC); Na- 

tional Museum of Natural History, 

Beltsville, MD (USNM); and Pennsylvania 

Department of Agriculture, Harrisburg 

(PADA). 
ILLINOIS: Alexander Co., Rt. 3, 0.5 mi. 

SE of Thebes, 25 April 1993 (nymphs only); 

Union Co., Larue-Pine Hills Ecological Area, 

New distribution records of C. eas (see also Fig. 2). 

22 April 1993 (nymphs only; adults reared). 

MARYLAND: Allegany Co., Fifteen Mile 

Creek Rd. at Piclic Rd., Green Ridge State 

Forest, 15 May 1993. MISSOURI: Cape Gi- 

rardeau Co., co. rd. 630, E. of Egypt Mills, 
25 April 1993 (nymphs only). PENNSYL- 

VANIA: Bedford Co., Shawnee State Park 

S. of Schellsburg, 9 May 1990; NE of Ryot, 

10 May 1992. VIRGINIA: Alleghany Co., 
George Washington Natl. Forest, Rt. 18, 6 

and 10.6 mi. SW of Covington, 14 May 
1989; Carroll Co., Rt. 638, 3.0 mi. SE of 
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Dugspur, 15 May 1992; Highland Co., shale 
barren, Head Waters, 9 May 1993: Mont- 

gomery Co., Rt. 713 nr. junc. Rt. 603 N. of 

Ironto, 18 and 25 April 1991, 19 April 1992, 

and 2 May 1993; Rt. 625 NNW of McCoy 

nr. Big Falls, 18 April 1991; Rockbridge Co., 
Rts. 39 and 42 W. of Goshen, 4 May 1989 
and 8 April and 5 May 1990: Shenandoah 
Co., Short Mountain barrens, 3 mi. SE of 

Mount Jackson, 14 April and 11 May 1991; 
12, 17 and 19 April and 17 May 1992 (4 

Sept. 1992, nymphs only); and 27 March 

and 11 April 1993 (nymphs only). WEST 

VIRGINIA: Greenbrier Co., Kates Moun- 

tain barrens, S. of White Sulphur Springs, 
6 and 19 May and 2 June 1990 and 27 March 
(nymphs only) and 12 May 1991; Hardy 

Co., Lost River Rd., NW of Lost River State 
Park NW of Mathias, 5 May 1990; Mineral 

Co., Rt. 50, 0.5 mi. E. and W. of Burlington, 

30 April 1993; Monroe Co., Rt. 219, 1 mi. 

S. of Salt Sulphur Springs, 8 May 1993. 

Host PLANTS AND HABITATS 

The majority of my collections were made 

from moss phlox (also called ground-, moss-, 

or rock-pink), P. subulata (Polemoniaceae), 
and its varieties. This perennial of many- 

branched woody stems and persistent, sharp- 

pointed, awl-shaped leaves forms dense mats 

on sandy or gravelly soil and rocky ledges 

(Wherry 1936, Everett 1981). Phlox subu- 

lata is a pioneer, xerophytic plant that often 
colonizes bare, sunny slopes (Wherry 

1929b). It is rarely found in nearby woods 

or meadows (Allard and Leonard 1946), 

where it is outcompeted by faster growing 

plants (Morse 1988). A characteristic (but 

not endemic) plant of mid-Appalachian 

shale barrens, moss phlox occurs on other 

types of bedrock (Wherry 1930, 1955, Core 

1966, Keener 1983) and is common in ser- 

pentine barrens (Wherry 1929a). It also 

grows on limestone cliffs (Core 1966) and 

along rocky slopes of the Potomac Valley 

near Washington, D.C. (Wherry 1930). The 

range is from southern Ontario and New 

93 

| 
North Carolina 

Fig. 2. Known distribution of C. eas in relation to 

that of mid-Appalachian shale barrens; circle = type 

locality in Maryland near Washington, D.C., filled cir- 

cles = new records, and stippling = distribution of mid- 

Appalachian shale barrens based on Keener (1983). 

York to southern Michigan and south to the 

mountains of North Carolina and Tennes- 

see (Wherry 1929b, 1955, Flory 1970, Ev- 

erett 1981, Gleason and Cronquist 1991). 

Craspedolepta eas develops on P. subu- 

lata in classic and well-known shale barrens 

(Fig. 2) such as Kates Mountain in West 

Virginia (Core 1940, Keener 1983) and Head 

Waters and Short Mountain in Virginia (Al- 

lard and Leonard 1946), and it occurs on 

this plant on other shale outcrops. This psyl- 

lid also was collected on phloxes that occupy 

habitats other than shale barrens. Nymphs 

and adults were found on blue (or forest) 

phlox, P. divaricata L., growing in rich woods 

near the New River in Virginia (Montgom- 

ery Co., Big Falls locality above) and at the 

edge of woods in Monroe Co., West Virgin- 

ia. Phlox divaricata growing in similar hab- 
itats was the host in Illinois and Missouri. 

Adults were common on creeping (or crawl- 

ing) phlox, P. stolonifera Sims, inhabiting 
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Fig. 3. Honeydew droplets and waxy filaments pro- 

duced by C. eas nymphs on basal stems of Phlox subu- 

lata. 

damp woods along the stream bottom of the 

Brandon Branch in Carroll Co., Virginia. 

SEASONAL HISTORY AND H.\BITS 

Biological information on C. eas is based 

mainly on early-season observations of 

populations on P. subulata during 1989- 
1993 and supplemented by less frequent ob- 

servations during August 1990, September 
1992, and July 1993. Nymphs overwinter 

on woody stems at the base of plants, and 

third instars have been found in late March. 

In spring, nymphal development resumes 

early in shale barrens, which are generally 

exposed, bare slopes of southern exposure 

characterized by high insolation tempera- 

tures. 
Nymphs feed on stems rather than on the 

foliage, occurring at or slightly below ground 

level. Their brown color blends in well with 

that of P. subulata stems, and nymphs are 

obscured by the prostrate stems and dense 

foliage of this mat- or cushionlike host. Col- 
onies of C. eas, however, can be detected 

on infested moss phlox by folding over the 

mats and looking for the white waxy secre- 

tions and droplets of honeydew that nymphs 

produce on basal stems (Fig. 3). Nymphs 

were found on P. divaricata by scraping away 

leaves and soil from the base of plants. De- 

spite the copious production of honeydew, 

no ants were observed attending C. eas 
nymphs. 

Although this psyllid can be collected with 

a sweepnet (McAtee 1918), adults were most 

easily obtained from P. subulata by holding 
a shallow pan at the plant’s base, shaking 

the prostrate stems over the pan, and hand 

picking or aspirating dislodged specimens. 

They were similarly collected from P. di- 
varicata and P. stolonifera, but at times they 

probably could be collected from these more 

upright phloxes by using a sweepnet. 

Adults of this univoltine species began to 
appear on P. subulata by early to mid-April 
in mid-Appalachian shale barrens. At Short 
Mountain, a few adults were present on 12 

April in 1992; teneral adults were collected 

the year before on 14 April. By 11 May 
1991, no adults could be collected, but they 

were still common on some P. subulata 
plants on 17 May 1992. At the slightly high- 

er elevation on Kates Mountain, a last-in- 

star nymph was collected as late as 19 May 

1990, and a few adults were collected there 

on 2 June. No adults were found during the 

summer at any of the localities. 

Early instars, which presumably would 

overwinter, were observed on basal stems 

in early September at Short Mountain. These 

nymphs were covered by only small amounts 

of wax and, in contrast to the mid- to late 

instars observed in spring, no honeydew 

production was evident. Feeding may be 

minimal on P. subulata during adverse con- 

ditions in summer when temperatures on 

the shale barren surface may be 55-60°C 

(Platt 1951). Surface temperatures, of course, 

would be much lower in shaded forest hab- 

itats where C. eas occurs on P. divaricata 

and P. stolonifera. Craspedolepta eas, how- 

ever, may be typical of the genus in having 

a long nymphal diapause that represents an 

adaptation to extreme arid conditions of a 

probable Mediterranean-Subtropical origin 

(Loginova 1963, Journet and Vickery 1978 
and references therein). 

RECOGNITION CHARACTERS 

The rounded clypeus, rather than cone- 

shaped or elongate as in species of Aphalara, 
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and absence of a distinct furrow separating 
the vertex from the genae, allow placement 

of C. eas in Craspedolepta. Additional char- 

acters distinguishing these similar-appear- 

ing genera are discussed by Heslop-Harri- 

son (1949), Russell (1973), and Journet and 

Vickery (1978). 

Technical characters probably are not 

needed for a tentative determination of C. 

eas (Fig. 4). McAtee (1918) said his new 

species could be easily recognized by its 

“chunky appearance, and broad milky fore 

wings with some of the veins darkened dis- 

tally.” Journet and Vickery (1979) diag- 
nosed and illustrated C. eas, stating this 

whitish species is so distinctive among North 

American Craspedolepta that identification 

should not be a problem. They also said it 
cannot be confused with any Palearctic 

member of the genus. 
A more widely distributed species of 

Craspedolepta usually co-occurs with C. eas 

on P. subulata. This second phlox-inhab- 

iting psyllid, which cannot be confused with 

C. eas because of its green color, closely 

resembles C. flavida (Caldwell). It will be 

reported on once its identity is confirmed. 

DISCUSSION 

Craspedolepta eas has remained a poorly 

known psyllid, with apparently no addi- 

tional specimens reported since the original 

description about 75 years ago. In addition 
to the type series, the USNM collection con- 

tains only a few other specimens; all were 

collected from the same Maryland localities 

and at approximately the same time as the 

types, but they were not designated as para- 

types. Its perceived rareness has most likely 

resulted from its cryptic habits, early-season 

occurrence, and a general lack of attention 

to the Psylloidea by entomologists. 
Like nearly all Psylloidea (Hodkinson 

1974), C. eas is narrowly host specific. Al- 

though several specimens (including two 

paratypes) collected by H. S. Barber from 

Great Falls, Maryland, bear labels indicat- 
ing their collection from wild phlox, McAtee 

Fig. 4. Craspedolepta eas, dorsal habitus. 

(1918) did not use this information in de- 

scribing C. eas. The present paper therefore 

represents the first record of phloxes or any 

member of the mainly North American 
family Polemoniaceae (Grant 1959, Flory 

1970) serving as a psyllid host plant. Species 

of the Holarctic genus Craspedolepta feed 

mainly on plants of the Asteraceae and On- 

agraceae (Hodkinson 1988), with an es- 

pecially diverse Palearctic fauna associated 

with composites (Loginova 1963). 

The main host of C. eas in the Valley and 

Ridge Province, a long narrow belt consist- 

ing of folded mountains and parallel valleys 

and ridges (Fenneman 1938), is P. subulata. 

This plant’s apparent dispersal center lies 

in eastern West Virginia (Wherry 1935a, b). 

Most collections were made from the sub- 

species brittonii (Small) Wherry, plants of 

glandular-hairy inflorescence that have been 

referred to as P. subulata var. setacea (L.) 

A. Brand (Gleason and Cronquist 1991, 

Rhoads and Klein 1993). The psyllid was 
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associated with moss phlox at elevations 

ranging from near sea level (about 60 m 

along Potomac River) to about 760 m (Kates 

Mountain). 

Craspedolepta eas seems particularly 
common in the mid-Appalachian shale bar- 

rens (Keener 1970, 1983), which extend 

from south-central Pennsylvania to south- 

western Virginia and adjacent eastern West 

Virginia (see Fig. 2). But like P. subulata, 
its principal host, C. eas 1s not sufficiently 

restricted in distribution to be considered a 

shale barren endemic, having been collected 

along rocky banks where this plant extends 

down the Potomac Valley to the Washing- 

ton, D.C., area. Another important host 1s 

P. divaricata, which is frequent in the Ap- 

palachians from New York to Alabama 

(Flory 1970) and centers in the Interior Pla- 

teau (Wherry 1935a). The psyllid was also 

collected on P. stolonifera, a southern Ap- 
palachian plant reaching maximum devel- 

opment in West Virginia (Wherry 1935a, 
1936) and that hybridizes with P. subulata 

(Wherry 1955, Flory 1970). 

This psyllid appears not to have followed 

(or had ample time to follow) the slow mi- 

gration of P. subulata northeast- and north- 

westward from presumed glacial refugia, 

which Wherry (1929b; 1935a, b) suggested 

were in the mid-Appalachians. I have not 

collected it on native moss phlox in Ken- 

tucky, Maryland, Ohio, New Jersey, and 

New York or on this plant in serpentine 

barrens and other communities in eastern 

Pennsylvania; nor has it been found in or- 

namental plantings of P. subu/ata in the mid- 
Appalachians. I also have not been able to 

find this psyllid on P. bifida Beck in Illinois, 
Indiana, Kentucky, or Tennessee or on P. 

nivalis Lodd. in North and South Carolina. 

In addition to P. subulata, P. bifida and P. 

nivalis are the only other eastern narrow- 

leaved phloxes belonging to the section (or 
subsection) Subulatae (Smith and Levin 

1967, Flory 1970). 
Craspedolepta eas appears to be patchily 

distributed on phloxes in the mid-Appala- 

chians, but comments on the extent of its 
range must be considered tentative. It often 

appears to be restricted to a small percent- 

age of plants in a colony, which, coupled 

with its cryptic habits, makes C. eas difficult 

to detect. For several seasons I surveyed P. 

subulata at the Head Waters shale barren 

in Virginia and the barren in Allegany 

County, Maryland, when adults of this psyl- 

lid should have been present, but did not 

find it until 1993. I considered it a probable 

Appalachian endemic before I discovered 

populations in Illinois and Missouri. Ad- 

ditional collections from the three Phlox 
species known to serve as hosts—P. divar- 

icata, P. stolonifera, and P. subulata—as well 

as surveys of other wild phloxes, are needed 
to delimit the range of this interesting psyl- 

lid. 
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ANTHOPHORA PILIPES VILLOSULA SM. (HYMENOPTERA: 
ANTHOPHORIDAE), A MANAGEABLE JAPANESE BEE THAT 
VISITS BLUEBERRIES AND APPLES DURING COOL, RAINY, 

SPRING WEATHER 

SUZANNE W. T. BATRA 

Bee Research Laboratory, ARS, U.S. Department of Agriculture, Bldg. 476, Beltsville, 

Maryland 20705. 

Abstract.—The vernal, univoltine solitary Japanese bee, Anthophora pilipes villosula, 
promises to be a worthy addition to our pollinator fauna. It was easily maintained in 

inexpensive, portable adobe blocks. It is gentle, forages during inclement weather, also 

from before dawn until after dusk in fine weather. It is polylectic, does not steal nectar, 

flies rapidly, forages to 500 m, visits numerous flowers including blueberry and apple, 
and sonicates. Its active period coincides well with spring fruit blossom in the temperate 

zone. Females may make several nests, learning new nest locations. Dormant nests in 

adobe blocks were kept outdoors through five years in Maryland with minimal insulation, 

and the population approximately tripled each year. Details are provided regarding its 

behavior in Japan and Maryland, including phenology in relation to crops, wild plants 

and other bees, hosts, foraging behavior, effects of weather, management, substrate and 

nesting behavior, territorial behavior of males and mating. 

Key Words: 

This report concerns the biology of a dy- 

namic pollinator that efficiently utilizes the 

abundant floral resources of spring, dis- 

cusses its limiting environmental factors, 

and its potential management for the pol- 

lination of crops that bloom in the spring. 

Honey bees are versatile, manageable pol- 

linators for most crops, and they also pro- 

vide us with valued honey and wax, but they 

are not the best pollinating species for all 

crops, under all conditions. For example, 

they do not perform as well as bumble bees 

and some solitary bees in cool or rainy 

weather. They fly relatively slowly, and they 

have morphological limitations or behav- 

iors that make them less efficient than some 

other bee species as pollinators of certain 

crops, including alfalfa, red clover, *Deli- 

cious’ apples, blueberries, huckleberries, 

Pollination, bee, apple, blueberry, bionomics, management, Japan, U.S.A. 

cranberries, tomatoes, potatoes, eggplants, 

peppers, cotton, okra, and many crops that 

are grown in greenhouses (Boyle and Philo- 

géne 1983, Parker et al. 1987). 

Blueberries are particularly poorly polli- 

nated by honey bees. The short spring flow- 

ering season is often rainy or cool, and hon- 

ey bees do not sonicate, which pollinates 

blueberry flowers efficiently. Because pop- 

ulations of the well-adapted and effective 

native blueberry pollinators are often low, 

due to habitat destruction and pesticides, 
growers may saturate their blueberry fields 
with honey bees in order to achieve ade- 

quate pollination. Nevertheless, rainy 

weather may prevent these honey bees from 

foraging. 

Doubts about the effectiveness of honey 

bees arose early during the development of 
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blueberries as a cultivated crop. Shaw et al. 

(1939) made detailed field observations and 

performed controlled pollination trials in 

cages during three years. These revealed that 

bumble bees were the most abundant pol- 

linators, and that individual bumble bees 

were three times more efficient as pollina- 

tors than individual honey bees. Subse- 

quent studies have confirmed the superior 

efficacy of bumble bees. Now their popu- 

lations have declined in many areas (Bigras- 

Huot et al. 1973, Finnamore and Neary 

1978, Plowright and Laverty 1987 and ref- 

erences therein). 

The flowers of blueberries (highbush, 
lowbush, rabbiteye, and others in the sec- 

tion Cyanoccocus) have pendant, inverted, 

globose to urceolate corollas. A flower’s nec- 

taries and anthers are accessible only through 

a small ventral hole. This structure requires 

pollinators to hang upside-down while 

probing into the hole. The poricidally-de- 
hiscent anthers do not readily release their 

pollen. Bees use three methods to obtain 

nectar, pollen, or both, from these flowers: 

1. Nectar-robbers cut slits at the top of the 

corolla, through which they sip from the 
nectaries, but these do not accomplish any 
pollination, because anthers and stigmas are 
not contacted. Carpenter bees (Xyv/ocopa 

spp.) usually make these slits, but honey 

bees, bumble bees and Andrena bees soon 

learn to use them. The widespread use of 

robber slits by honey bees may have been 

responsible for recent poor blueberry yields 

in Florida (Morse 1991). 2. Pollen-grabbers 

reach into the ventral pores with their man- 

dibles and front legs, to bite the anthers, 
loosen the pollen, and rake it out, while im- 

bibing the nectar. This method is used by 
many species of andrenids, halictids, mega- 

chilids, and honey bees. Some pollination 

is accomplished, but these bees usually work 

slowly. 3. The most efficient technique to 
loosen, collect, and transfer the pollen is 

buzz-pollination or sonication. A foraging 

bee, after alighting, positions the ventral side 

of her thorax over the pore and shivers her 
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thoracic flight muscles without fanning her 
wings, producing a distinct buzz. Certain 

species that are capable of sonication belong 

to several genera, including Colletes, An- 

drena, Melitta, Augochloropsis, Xylocopa, 
Bombus, Amegilla, Tetrapedia, Habropoda, 

Anthophora, and some other anthophorids. 

Bumble bees have been artificially reared 

for many years, but no method provides a 
large number of foragers early in spring when 

bees are most needed for blueberry polli- 

nation. New bumble bee mass-rearing tech- 

niques may ameliorate this shortage even- 

tually (Plowright and Laverty 1987). Colletes 
validus Cresson is a native solitary bee that 
specializes on blueberries and sonicates their 

flowers. Pheromones may be used to assist 

relocation of their nest sites, but more re- 

search is needed (Batra 1980). Torchio 

(1990) found that the native megachilid, 
Osmia ribifloris biedermannii Michener 1s 

a good blueberry pollinator, and it 1s poten- 

tially manageable. Cane and Payne (1988, 

1990) found that the “southeastern blue- 

berry bee,” a native anthophorid, Habropo- 

da laboriosa (F.), is an excellent sonicating 
pollinator of rabbiteye blueberries in the 

southern states. Techniques to manage its 

populations are needed. Because the timing 

of the adult activity of this species coincides 
with blueberry bloom and they have little 

need for other floral resources, these bees 

are superior to bumble bees for blueberry 

pollination. Their relatively short foraging 

range 1s beneficial because they stay in the 
blueberry fields. Further research concern- 

ing the conservation, enhancement, and 

movement of large populations of these three 

solitary blueberry pollinating species would 

be beneficial. 

Anthophora pilipes villosula for brevity is 

referred to as A. pilipes in this report. This 

follows the revision by Day (1979), al- 

though in Europe it is often named 4. ac- 

ervorum (L.), a synonym. In Sasayama, Hy- 

ogo Prefecture, Japan, it is polylectic and 
visits a wide variety of hosts from April to 

June, including species of Astragalus, Wis- 
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taria, Corydalis, Eleagnus, Viola, Rhodo- 
dendron, Glechoma, Ajuga, Lamium, Bras- 
sica, Rosa, Potentilla, Chaenomeles, Rubus, 
Taraxicum, Weigela, Abelia, Ranunculus, 
Xanthoxylum and Mazus (Miyamoto 1958, 

1960, 1962). In the temperate forest at Ki- 

bune, near Kyoto, Inoue et al. (1990) found 

it on Corydalis, and Kakutani et al. (1990) 

found it visiting Rhododendron, Lonicera 
and Viburnum in Kyoto. Murakimi and Iti- 

no (1990) found that A. pilipes preferentially 
visited Astragalus early in the morning and 

late in the afternoon, when the flowers yield- 

ed the most abundant nectar. In Europe, 

Anthophora pilipes forages on 93 species of 

plants, from the end of April until early June; 
Lamium spp. are preferred hosts (Malyshev 

1928, Thalmann and Dorn 1990, Westrich 

1990). 
The nesting behavior of 4. pilipes in Ja- 

pan was first investigated by Torikata (1931), 
who found that the oval, 10-15 cm long 

brood cells formed an oblique series of up 

to four cells. Each cell was about half full 

of semiliquid provision. Parasites were 

Meloe carinus Marseul, Monodontomerus 

japonicus Ashmead, and Saproglyphus ne- 

glectus Berlese. In Hyogo Prefecture, Mi- 

yamoto (1958) found A. pilipes nesting gre- 

gariously in the adobe wall of a cottage and 

in a dry cliff. They were active from April 

17 to May 17. Some females made more 

than one nest, and they preferred to reoc- 

cupy and refurbish an abandoned old nest 

rather than to construct a new nest. Thus 

some burrows contained cells that were 

made by more than one individual. Males 

slept in burrows and patrolled the nest ag- 

gregations. Astragalus sinicus L. was the 

preferred host at this location. Togashi 

(1990) noted 4. pilipes nests in the adobe 
wall of an old thatched college in Ishikawa 

Prefecture. 

Anthophora pilipes also live in adobe walls 

in Europe. Fabre (1920) observed their gre- 

garious nests in adobe, and noted the nau- 

seating odor of the bees’ provisions. Ma- 

lyshev (1928) also found A. pilipes nests in 
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adobe walls, and he made detailed obser- 

vations of nests constructed in adobe blocks. 

Van Lith (1947) found them nesting as a 

perennial aggregation in dry, sandy clay soil 

beneath a verandah. The nearly vertical 

brood cells were in series and they were lined 

with a thick, whitish-gray waxy substance. 

Cells were half-full of provisions bearing eggs 
or young larvae in early May. Pupation be- 

gan by July, and young diapausing adults 

appeared in September. The inquiline, Me- 

lecta punctata (F.) was present. The pun- 

gent, rancid odor noted by Fabre (1920) 

probably is that of butyric acid, which is 

liberated from triglycerides in the provision 

and the cell lining, probably secreted by the 

abdominal Dufour’s gland, as in other An- 

thophora bees (Norden et al. 1980). 

Recently, Thalmann (1991) and Thal- 

mann and Dorn (1990) investigated the bi- 

ology of A. pilipes and its management as a 

crop pollinator in Germany. In 1988 and 

1989, they tested various soil textures and 

moisture levels, to determine how they may 

affect nesting success, and they developed 

portable blocks of soil for use by growers. 

They found that provisioned cells became 

moldy when soil moisture was high. They 

were also favorably impressed by the po- 

tential usefulness of this bee, which has such 
assets as a long glossa, long daily foraging 

period (up to 18 hours), ability to work dur- 

ing cool (8—9°C) and sunny (20,000 lux), or 

during warm (20°C) and cloudy days, as well 

as early and late in the day, from 4:00 at 

600 lux to 21:00 at 300 lux. They noted that 

it was active in spring before bumble bees 

produced workers, its polylecty, the long ac- 

tive lives of individual females, and the large 

numbers of flowers visited for provisions 

(for example, 2500 Brassica flowers were 

visited to make a 522-mg pollen mass). In 

Germany, adults flew from the end of April 

until early June, eggs hatched 1-2 days after 

laying, larvae matured (at 400 mg) after 4 

weeks, pupation occurred 70-80 days after 

Oviposition, and diapausing adults ap- 

peared in September. Parasites were Won- 
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odontomerus obscurus Westwood and Me- 

lecta punctata. 

MATERIALS AND METHODS 

The equipment that was used was simple 

and inexpensive. It included a 35 mm SLR 

camera with macro lens, high speed film, 

stopwatch, watch, photovoltaic light meter, 

thermometers, insect net, quick-drying 

enamel, cages, microscope, etc. The adobe 

substrate for nesting was made of the local 

red marine clay. This fine-grained, acid nat- 

ural clay was put into wooden, metal, or 

styrofoam boxes of various sizes but small 

enough to be portable by one person when 

full of clay. The clods were chopped, mixed 

with water and pressed; the surface was 

smoothed and allowed to dry thoroughly for 

several weeks, forming a very hard, brick- 

like adobe 15-20 cm deep. Before dry, 10- 

15 smooth holes, ca. | cm diam. x 5 cm 

deep, were punched into the moist adobe; 

these attracted nest-seeking bees. The adobe 

blocks were placed under rain shelters, with 

a southerly exposure. They could be used 

singly, or stacked to form a wall, with the 

adobe face exposed. The white polystyrene 

boxes (= insulated shipping containers) were 

most satisfactory, being waterproof, light- 
weight, and providing them some insula- 

tion. The adobe blocks were durable and 

maintenance-free, remaining uncracked af- 
ter 4 years, even when riddled with bees’ 

nest tunnels. Gray squirrels destroyed some 

adobe and bees’ nests in 1992, so protection 

during dormancy is recommended. Nests 

were color-coded and numbered sequen- 

tially each year as they were constructed by 

the bees. 

BEHAVIOR IN JAPAN 

Research on the biology and management 

of Anthophora pilipes villosula Smith (det. 

Y. Maeta) began incidentally, while I was 

in Japan working with other projects. I had 

rented a century-old farm house in Higashi 

Mochida Cho, just outside Matsue, Shi- 

mane Prefecture. This location is in humid, 
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subtropical southwestern Honshu, Japan 

(36°N). Early during my first morning in this 

house (May 15, 1988), I heard loud hums 

originating below the tatami floor. On in- 

vestigation, I found an aggregation of eight 

nests of this bee in the adobe wall that sup- 

ported the lower part of the western wall of 

the house. This adobe was made of dried 
ochre clay mixed with chopped rice straw. 

The bees’ nests were behind some loose roof 

tiles that were leaning against the wall. Very 

impressive were the continuous swift flights 

of this species, its willingness to fly during 
light rain, as well as in cloudy or cool weath- 

er, and its long daily period of flight, from 

before sunrise to until after sunset. I im- 

mediately thought that this species might 

be a valuable addition to our North Amer- 

ican pollinator fauna. Its habit of nesting in 

adobe indicated that it could be managed 

for crop pollination relatively easily. An- 

thophora parietina F. has been managed in 

Europe for legume pollination; it also nests 

in adobe (Wojtowski 1964). 

Because it was already late in the bees’ 

flight season, which ended on May 29, it 
was possible to make only a few observa- 

tions of foraging behavior in Japan. Females 

foraged for nectar and pollen on red azaleas 

(Rhododendron sp.) in the garden. They also 

collected pollen from the pendulous white 

flowers of Styrax japonica Sieb. & Zucc., a 

small tree in this area. The bees hung up- 

side-down and sonicated the Styrax flowers 

to release their pollen. Thus, I was reminded 

of similar pollinator behavior on blueber- 

ries. There were no blueberries in the area, 

sO it was not possible to study the bee pol- 

linating this crop. Sugden (1986) observed 

bumble bee queens pollinating a North 

American species of Styrax. Although he 

did not mention it, sonication probably oc- 
curred. 

A total of nine hours from May 15 to 29, 

1988, were spent observing A. pilipes be- 

havior in Japan. Matsue is climatically sim- 

ilar to coastal Georgia (Nuttonson 1949), or 

approximately comparable to USDA Plant 
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Hardiness Zone 8. Vegetation in the area 

includes bamboos, camellias, palms, Cryp- 

tomeria, kumquats, loquats, kaki, Styrax, 

and azaleas. The nest site, which was near 

sea level in the village, was surrounded by 

rice fields set amid steep, densely forested 

mountains. 

Foraging females began flights as early as 

5:03, 15 minutes before sunrise, and they 

remained continuously active until 19:30, 

after sunset. Morning activity began at 10°C, 
when the nest site received only 150 lux, 

although the brightest part of the visible sky 
to the east registered 2000 lux. The nest 
entrances, which were covered by the roof 

tiles, received only 10 lux at dawn. In the 

evenings of clear days, the bees ceased their 

activity when the brightest part of the sky 

to the west, visible at the nest site, registered 

100 lux. The general appearance of the land- 

scape when the bees began and ended their 

flights was grayish, although some bright 

colors were still somewhat visible to the hu- 
man eye. 

The females collected pollen from at least 

three hosts, judging from the colors of their 
pollen loads. They continued to forage dur- 

ing light rain. When the roof tiles that cov- 
ered their nest entrances were removed, six 

returning foragers became confused, and re- 

fused to enter their newly-visible nests. 
When these tiles were replaced, they 

promptly entered nests. Evidently the tiles 

were important landmarks, even though they 

concealed and darkened the nest entrances. 

The nests and their surroundings had a dis- 

tinct cheesy or butyric odor, and a few Mon- 

odontomerus sp. were present. Captured fe- 
males emitted a penetrating citronella-like 
odor from their mandibular glands. Ac- 

cording to Y. Maeta, (pers. comm.), this 

species is active from April 8 to June 11 in 

Shimane and Fukuoka Prefectures. Bees that 

nest in the adobe walls of village houses are 

tolerated by the occupants, because these 

bees are not aggressive. However, large 

numbers of bee tunnels may cause the col- 

lapse of such walls. 

EsTABLISHMENT 

Because their potential as manageable 
crop pollinators is good, a permit for im- 

portation into the United States was ob- 

tained from APHIS, and in December 1988, 
Dr. Maeta shipped 109 diapausing adults in 

cells to the USDA Beneficial Insects Re- 

search Laboratory at Newark, Delaware. 

These had been collected at Sugata-Cho, 

Matsue. Some adults had emerged from their 

cells during shipment. Those that lived were 

placed in gelatin capsules to resume their 

diapause. Unopened cells were cracked 

open, to check for dead bees or parasites, 

which were destroyed in quarantine. After 

microscopic inspection, all 56 diapausing 

adults in capsules or cells were stored at 3°C, 

until April 1989. 

Two Saran screen cages (4 x 4 x 2 m) 

were set up over a dense growth of wild, 

understory lowbush and highbush blueber- 

ries, deerberries, and huckleberries in the 

oak-pine forest at Beltsville. Each cage con- 

tained a small rain shelter over an adobe 

block. They were set up under the rain shel- 

ters at ground level and facing south. The 

cages contained various cut plants, includ- 

ing apple, crabapple, azalea, mustard, and 

other flowers. Cultivated blueberry varieties 

growing in pots were also placed in the cag- 

es. Water in shallow trays was provided for 

nesting females, but they were never seen 

to collect water. 

During the evening of April 18, 1989, the 
cells and capsules containing bees were 

placed in the cages. They were put next to 

the adobe blocks, so that emerging bees 

would perform their first orientation flights 
at these blocks, thus memorizing their lo- 

cations. Bees began to emerge within 15 

minutes, and most of them immediately flew 

up to the roofs of the cages. By the next 

morning (April 19), many of the bees had 

adjusted to the confinement of the cages, 

and both sexes were foraging on cut azalea, 
crabapple and narcissus. Males had begun 

to closely pursue females in flight, pouncing 
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on them when they alighted on flowers. 

Males were already attracted to the holes in 

the clay blocks, which they patrolled and 

inspected while hovering, although no fe- 

males had yet occupied the holes or the ado- 

be blocks. By the end of this first day, both 
sexes expertly and rapidly darted through 

small gaps in the vegetation and they avoid- 

ed hitting the cage mesh or other objects. 

This facile adaptation suggested that this 

species may be suitable for use in green- 

houses or other confinement, where honey 

bees do not thrive. 
By April 21, after a rainy day, males and 

females had begun overnight occupancy of 
the holes in the adobe blocks. On emerging 

in the morning, they performed normal ori- 

entation flights. Some bees also slept in the 

open, while grasping twigs or the cage mesh 

by their mandibles. The first female was seen 

to excavate a nest burrow on April 25. It 

was started in a hole in the adobe. By April 
27, several females were nesting in the ado- 

be blocks in the cages. 
Details regarding phenology, pollination, 

mating and nesting behavior during five 

years are discussed below. In 1989, emer- 

gence was somewhat delayed due to pro- 

longed refrigeration, but the data for 1990, 
1991, 1992 and 1993 reflect the bees’ nor- 

mal behavior under prevailing environ- 

mental conditions at Beltsville during those 

years. A total of 339 hours were spent ob- 
serving A. pilipes in Maryland between April 

18, 1989, and June 9, 1992; a few additional 

observations were made in 1993. 

PHENOLOGY OF THE BEES, THEIR Hosts, 

AND THEIR ASSOCIATES IN MARYLAND 

In the Beltsville area, red maple (Acer ru- 

brum L.) is a dominant species that indi- 

cates the onset of spring. It is the first major 

food source for bees to appear each year 

(Batra 1985). In 1989, 1990, 1991, and 1992, 
male flowers began to bloom on February 

5, February 9, February 12, and March 5, 

respectively. The earliest of the solitary bees, 
Andrena fenningeri Viereck, made its first 
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appearance (males) on March 14, February 

9, February 12 and February 28; Colletes 
inaequalis Say males first appeared on March 

14, March 13, March 1, and March 2; males 

of the introduced Japanese pollinator Os- 

mia cornifrons Radoszkowski began emerg- 
ing on April 18, March 10, March 27, and 

March 31, respectively (Fig. 1). Apples be- 

gan to bloom on April 20, March 28, April 

9, and April 22; highbush blueberries sim- 
ilarly began blooming April 19, March 22, 

April 8, and April 14 (Fig. 1). The artificially 
delayed emergence of A. pilipes began on 

April 18 in 1989, but it began on March 15, 
1990, March 26, 1991, and March 27, 1992, 
after overwintering in a sheltered area at 
ambient winter temperatures. The first bum- 

ble bee queens were also seen on the latter 

two dates. The more numerous, pollinating 

bumble bee workers appeared a month lat- 

er, but by then the blueberries and apples 

had almost finished blooming. The well 
publicized blooming of the Japanese cherry 

trees during five years at the Tidal Basin in 

Washington, D.C., proved to be a reliable 

indicator for the time of emergence of 4. 

pilipes in nearby Maryland, which is slightly 

cooler than Washington. Thus, in 1990 when 

the cherry trees bloomed earlier than usual, 
A. pilipes also emerged early (Fig. 1). The 
flight period and maximum abundance of 

A. pilipes coincided well with the flowering 

of apples, blueberries, pears, plums, and 

cherries. It ended soon after the end of blue- 

berry bloom. By then, most females had 

died, and the forest canopy had fully leafed 

out (Figs. 1, 2). 

Males of the local native species, An- 

thophora abrupta Say, were just beginning 

their annual activity after the canopy had 
leafed out (mean emergence date for males 

June 10; females June 15 (Norden, 1984)]. 
The active period of 4. pilipes does not 

overlap significantly with this native species 

of Anthophora and local A. bomboides Kir- 

by. There should be almost no competition 

for food, which is abundant in spring. 

Parasites of native bees may transfer to 
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Fig. 1. 

of plants, the status of the forest canopy, and the emer- 

gence of other pollinators from February (2) through 

June (6) of 1989, 1990, 1991 and 1992 at Beltsville, 

MD. Vertical bars (L), times when canopy was fully 

leafed out; AP bar, period of activity of 4. pilipes. First 

Phenology of 4. pilipes, the vernal flowering 

emergences of other bees are: C, Colletes inaequalis, 

O, Osmia cornifrons; Q, Bombus queens; W, Bombus 

workers. The beginning of bloom or flowering periods 

of pear (P), highbush and lowbush blueberries (B), and 

apple (A) are shown; X indicates the full bloom of 

ornamental Japanese cherries at the Washington, D.C., 

tidal basin, 

A. pilipes. On May 27, 1991 and June 8, 

1992, several Wonodontomerus mandibula- 
ris Gahan (Torymidae) were attracted to 4. 

pilipes nests and reproduced there. This spe- 

cies, which usually attacks native anthopho- 

rid bees such as 4. abrupta (Rau 1947), may 

become a pest of managed 4. pi/ipes. It could 

be avoided by removing the nests to storage 

after mid-May, when few A. pilipes females 
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Fig. 2. The number of entrances of inhabited nests 

in April (4) and May (5) 1990, 1991, and 1992. Many 

entrances are shared by two nesting females after late 

April so that the number of entrances does not reflect 

the number of nests, thus the curve levels offsomewhat. 

Note the rapid increase in nests in early April, 1991 

and 1992 (to arrows), when the weather was warm and 

sunny. The period of peak nesting activity coincided 

well with apple and blueberry bloom in all years. 

are still nesting. In 1992, one female that 

had died at the nest site contained an un- 

identified conopid larva. 

INFLUENCE OF TEMPERATURE, LIGHT 

AND RAINFALL 

Temperature: Diapausing bees in Mary- 
land overwintered successfully in their cells 

in the adobe blocks for 3 years. These were 

kept outdoors at ambient temperatures 

throughout the year, while temperatures 

ranged from above +40° to below —20°C. 

The dormant nests were protected from rain, 

and they were also insulated from both the 

summer sun and the cold north winter winds 

by a layer of polystyrene covered by wooden 

boards, which were removed in March, be- 

fore the bees were due to emerge. In Shi- 

mane, the climate is less extreme than that 

in Maryland. 
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Adults began emerging in spring while 

nocturnal frosts still regularly occurred, and 

there were some snowy days during their 

flight season. For example, in 1991, the 

males began to emerge on March 20, but it 

snowed during the following night. From 

March 26-28, both sexes were active, the 

females began nesting, and apples began to 

bloom, but then it snowed several cm dur- 

ing April 6-7. Usually bees avoided the 

frosts by retreating to their burrows and oth- 

er holes. When chilled, resting bees of both 

sexes vigorously pumped their abdomens 

(2/s) and visibly shivered their flight mus- 

cles, apparently thus endothermically 

warming themselves in preparation for 

flight. A related species, 4. p/umipes (Pallas) 

has by far the highest metabolic warm-up 

rate among 52 bee species in six families 

tested; this permits them to begin flights in 

cool weather (Stone and Willmer 1989). 

The threshold for initial morning flight 

activity at insulated nests in Maryland after 

a frosty night was 9.0°C, with clear sky at 
3000-3500 lux visible from the nests. Pre- 

dation by birds may occur at such low tem- 

peratures, when these normally alert, active 

bees are sluggish. In Japan, females began 

foraging before dawn on clear days at 10°C 

and 2000 lux. Once started, flight activity 

continued at air temperatures of 7.0-—7.5°C 

when bumble bees, honey bees and other 

bees were inactive. On April 2, 1992, both 

sexes swarmed back to their nests through 

wind and snow flurries at 3.5°C when clouds 
suddenly appeared. They had been flying 

through ambient air at 7°C to forage on sun- 

lit forbs in a 15°-17°C microclimate within 

6-15 cm of the soil surface. As the females 
aged, they became relatively less active in 

cool weather, and subject to predation by 

birds. For example, on May 7, 1992 at 11°C, 

only three foragers were seen returning with 

pollen during five minutes at mid-day. Dur- 

ing recent warm days, or during cool days 

when they were young, there was far more 

foraging activity. 

Light: On warm, clear days, the bees be- 

105 

gan foraging about 30 minutes before sun- 

rise, and continued foraging until well after 
dusk. The evening threshold for bees to leave 

nests on foraging trips was 70 lux, even 

though the returning foragers had difficulty 

locating their nests. At low light levels (600 

lux), the bees flew hesitantly and slowly, 

emitting a soft low-pitched buzz, and with 

prolonged hovering orientation. Some re- 
turning bees alighted on the clay surface and 

then crawled into their nests; normally in 

bright light, bees enter nests directly and 

rapidly. 

Rainfall: This species foraged for nectar 

and some pollen in the rain at 15°C at 1600 

lux, when other bees did not, including 

bumble bees, Osmia cornifrons, and honey 

bees. In light, steady rain or drizzle, at 10°C, 

A. pilipes regularly foraged for nectar on 

soaking-wet azalea flowers. During a thun- 

derstorm, which interrupted their busy af- 
ternoon, foragers continued to leave nests 

at 190 lux beneath the lowering, dark clouds. 

They flew straight into the downpour before 

they apparently realized their mistake and 

promptly returned to their sheltered dry 

nests. Anthophora abrupta also forages dur- 

ing light rain (Norden 1984). Anthophora 

crinipes Smith was able to locate its nests 

inside a dark barn (Grozdanic and Mucalica 

1969), and I noted that A. pilipes females 

that had accidentally entered my house flew 
about normally in dim light. The foraging 

performance of A. pilipes in rain was su- 

perior to that of local bumble bees and their 

activity level was similar to that of Arctic 

bumble bees, which regularly forage in light 

rain at 100-300 lux (Lundberg 1980). The 
Australian anthophorid bee, 4 megilla daw- 

soni (Rayment) also forages from before 

sunrise until after sunset, at temperatures as 

low as 7°C, and in light rain (Houston 1991). 

POLLINATING BEHAVIOR AND Hosts 

In Maryland, 4. pi/ipes visited the follow- 

ing hosts (N: females or males taking nectar; 

P: females collecting pollen): Rhododendron 

spp. cv, N & P; pinxter, Rhododendron nu- 
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diflorum (L.) Torr., N & P; apple and crab- 

apple cv, N & P, 18 flowers per min; redbud, 

Cercis canadensis L., N; Brassica rapa L., 

N & P; Kerria japonica (L.) DC., N & P; 

Robinia pseudo-acacia L., N & P (with son- 

ication); Lonicera tatarica L., N & P; Lo- 

nicera fragrantissima, N; Lonicera japoni- 

ca, Thunb. N; Paeonia cv, P; Chaenomeles 

japonica, Lindl. N; Pulmonaria cv, N; Nar- 

cissus ev, N; Viola papilionacea Pursh. N: 

Taraxicum officinale Weber, N; Dicentra 

spectabilis, L. N; Ajuga reptans, L. N; Pieris 

Japonica, N & P (sonication); Lamium pur- 

pureum L., N & P; Viburnum carlesi cv, N; 
Vinca minor L., N; wild Vaccinium cor- 

ymbosum L., N, 13 flowers/min and N & P 
(with sonication) 18-25 flowers/min; wild 

Vaccinium vacillans Torr., N & P 18-25 

flowers/min; and cultivated hybrid blue- 

berries. All hosts were legitimately visited, 
and there was no nectar robbing. 

Wild and cultivated Rhododendron were 
preferred pollen and nectar sources for these 

polylectic bees, and males patrolled bushes 

where females were foraging that were 300 
m from the nests. One individually marked 

female regularly flew one km roundtrip to 

forage on a patch of early-blooming azaleas, 

bypassing later-blooming bushes nearer to 

the nests, which were being visited by other 

females. Possibly this bee was exhibiting site 

fidelity, having been initially attracted by 

the early bloom. Because of this preference, 

A. pilipes villosula may popularly be called 
“azalea bees.” In North America, Rhodo- 

dendron spp. are pollinated mainly by bum- 

ble bee queens (Lovell and Lovell 1932). 

The flight range of Anthophora abrupta is 

at least two miles (Rau 1931). 

Pollen loads taken from 26 bees entering 

nests at two locations were microscopically 

analyzed. At one suburban location, apples, 

crabapples, azaleas, Lonicera tatarica and 

various ornamentals were in full bloom. At 

the second location, highbush and lowbush 

wild blueberries in full bloom formed the 

understory of a forest; crabapples and sev- 

eral flowering weeds, including Lamium and 

Brassica, grew in nearby fields. At the sub- 
urban location, five of nine sampled bees 

had collected apple or crabapple pollen; their 

loads contained 20%, 50%, 80%, 90% and 
100% of this pollen. Many of these apple 

pollen grains and other pollens from scopae 

began to germinate when held for a few hours 

in glass vials. Suburban bees collected pol- 

len from at least seven hosts; individual 
loads contained pollen from 1-4 hosts. At 

the forest location, two of 17 bees included 

blueberry pollen in their mixed pollen loads. 

Bees visited the fields to collect crabapple 
pollen and the distinctive orange pollen of 

Lamium purpureum, as well as pollen from 

four additional hosts. Foragers collecting 

nectar and pollen from apple flowers always 

stood on the anthers, which is the most ef- 
fective position for pollination. 

During a day’s foraging, and during the 

course of several days’ foraging needed to 

provision several cells and complete a nest, 

some individually marked bees returned 

with series of pollen loads of the same color 

and texture, others alternated loads of dif- 

ferent colors, or brought back pollens of two 

or more colors in the same load. Foragers 

changed pollen sources (colors) over time, 

as new hosts came into bloom. Several se- 

quential bee trips may return with pollen, 
or foragers may alternately return with pol- 

len or without it (presumably with nectar). 

As each cell neared completion, the foragers 

returned without pollen, bearing liquid to 

be regurgitated and used to complete and 

seal cells. They often approached their nests 

with their probosces extended. 

Several new cultivated blueberry varie- 

ties that were being developed at Beltsville 
were tested during three weeks in 1989 in 

cage studies. Both males and females readily 

visited the flowers for nectar, and the fe- 

males sonicated all varieties to collect the 

pollen. No nectar-robbing was seen, and no 

holes were cut in any of the hundreds of 

caged blueberry flowers. Flowers varied 

greatly among varieties in shape and acces- 

sibility to bees. Surprisingly, T-339, the va- 
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riety with the narrowest ventral hole, was 

the most attractive to A. pilipes foragers. Its 
holes, |1.5—2.5 mm in diameter, were largely 

blocked by its stigmas. Nevertheless, for- 

agers pushed the stigmas aside and inserted 

their long glossas into the nectaries, while 

they buzzed loudly to release the pollen (the 

buzz was audible from two m). They visited 
12-15 T-339 flowers/min. Variety G-139 

Converse, which had more accessible nec- 

tar, with a hole of 4-5 mm, was less attrac- 

tive. The bees worked 12 of the globular 

flowers of this variety per minute. Other 
varieties that foragers visited for nectar and 

pollen were G-600; T-117; G-494: T-460 

(10/min); and T-256 (a late bloomer). These 

visitation rates include the time spent flying 
between widely spaced flowers and crawling 
between clustered flowers. Foragers packed 

the pollen into their scopae while probing, 

flying, or hanging from flowers. It is inter- 

esting that this bee, which probably did not 

coevolve with Vaccinium, proved to be such 

an effective pollinator, and that its behavior 

on Styrax was a good predictor of success. 

Maeta et al. (1990) subsequently confirmed 

that A. pilipes is a superior pollinator for 

cultivated blueberries. 

BEHAVIORS OF MALES 

Emergence: The first male A. pilipes 

emerged one to ten days before the first fe- 
males appeared; such proterandry is char- 

acteristic of solitary bees. The spread be- 

tween the dates of emergence of males and 

females each year appeared to depend on 

transient weather conditions. The first sign 

that the bees were about to emerge each 

spring was the appearance of small (ca. 0.5— 

2.0 mm) holes in the hard, shiny earth that 

sealed the nest entrances throughout dor- 

mancy. These pinholes remained un- 

changed for several days to three weeks be- 

fore the nest occupants began to emerge. 
The males were responsible for breaking 

open the nest seals. Their small mandibles 

appear to be weaker than those of female 

bees but they softened the soil with liquid 
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from the glossa. An emerging male may take 

up to an hour to chew through the nest seal. 

Once exposed, the young, dust-covered 

males at first rested at their nest entrances 

for 2-3 minutes, then they suddenly began 

to jerk their heads from side-to-side and 
wiped their faces, antennae, and protruded 

glossae repeatedly, using their front legs. 

These males then abruptly ceased their 

grooming and left their natal nests, to per- 

form spiraling orientation flights that lasted 

20-30 seconds. Such flights formed ever 

wider, higher arcs, while the males faced 

toward their nest entrances, before disap- 

pearing. One male crawled out and faced 
toward his natal nest before beginning his 

orientation flight. Males returned to the nests 

after 30-40 min, where they began to patrol 

briefly (10-50 s visits), and began to chase 

each other (Fig. 3), even though no females 
had yet emerged. 

Territories: From before dawn to after 

dusk, male A. pilipes jointly patrolled ter- 

ritories that included floral hosts, such as 

bushes up to 300 m away from nests, and 

the area around the nests. Individual 

(marked) males alternated between these 

sites at different times of day, or on different 

days, throughout their lives. Males occa- 

sionally alighted in the sun to bask or to rest 

for a few seconds, and they stopped at flow- 

ers briefly to forage. At these times, objects 
delimiting the territory may be marked with 
the male’s scent. No scent could be detected 

on the hairs of the mid and hind legs of 

male A. pilipes, but their mandibular glands 

produced a distinct unidentified geranial- to 

citronellal-like odor that resembles that from 

female A. pilipes mandibular glands. Vinson 

and Frankie (1990) found that ¥yvlocopa bees 
rub volatile mesosomal gland secretion onto 

their legs during territorial hovering dis- 

plays and apply it to vegetation; this secre- 

tion is believed to attract females and repel 

other males. Like several other species of 

Anthophora, as well as some species of Cen- 

tris, Euglossa, Xylocopa, and Megachile, 
males of A. pilipes have conspicuous tufts 
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Fig. 3. Flight patterns in front of nests in an adobe block, as viewed from above. A, Flight paths of two 

territorial males (dotted lines) circling and confronting each other. The invader hovers to inspect a nest-excavating 

female, while rubbing his hind legs together. He is detected by the dominant male, is confronted, and is chased 

away within 30 seconds. As many as 10 males may simultaneously engage in such mutual pursuits and face- 

offs at the nest site. B, A returning forager approaches her nest while alternatively flying forward and hovering 

(sometimes turning to inspect nearby objects), forming a stepwise pattern. C, A forager precipitously leaves a 

nest that is occupied by two bees (the branches that were individually constructed by each bee are outlined). D, 

A female that has just selected the spot where she will start a new nest performs a rapid, jiggly orientation flight 

while looking at the spot and flying backwards in an expanding spiral until leaving the area. 

Numerous males and females simultaneously perform these aerial maneuvers at the nesting site, with sur- 

prisingly few collisions (diagrammatic, from notebook sketches, not to scale). 

of modified hair on their legs. The courtship 

behavior of A. pilipes suggests that these 
hair tufts serve as pheromone-carrying os- 
metrichia (Muller-Schwarze et al. 1977). The 

clypeal mustache of male A. abrupta carries 
pungent odors collected from plant sap (and 
perhaps also mandibular gland secretions), 

which are applied to objects to demarcate 

territories that are patrolled by several males 

(Norden and Batra 1985). 

Male A. pilipes frequently rubbed their 
inner hind tibiae together in flight, while 

hovering during their routine patrols, while 

pursuing a female, and when confronting 

another male (Figs. 4, 5). This motion, which 

is reminiscent of the scent-packing behavior 

of male Euglossa, was performed so often 

and so vigorously that the tips of the short, 

dense, stiff hairs inside the hind tibiae of 

old males became worn, with flattened tips, 

and the tight spiral structure of the hairs 
became unwound and the hairs straight- 
ened, as determined by SEM examination. 

Patrolling males shared territories in 
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Fig. 4. Spiraling orientation flight (solid line) of a 

virgin female, leaving her natal nest for the first time. 

She at first faces the nest, then turns to leave, closely 

followed by a swarm of competing, buzzing, leg-rub- 

bing males, which have abruptly abandoned their pa- 

trol routes (dotted lines) in front of the nests (diagram- 

matic, from notebook sketches, not to scale). 

which they frequently chased each other in 

rapid, circling and zigzag flights. Often the 

pursued males briefly turned in flight to face 
their pursuers (Fig. 3). Several males were 

distinctively marked with dots of enamel 

paint. Thus, it was possible to determine 

that some males may become dominant over 

others for a short time, chasing them out of 
their territories whenever they flew into 

them. The dominant males may be replaced 

by other dominant males. For example, on 

April 15, 1990, four males were marked yel- 

low (Y), green (G), white (W), and blue (B). 

On that day, B, Y, W, and several unmarked 

males sporadically patrolled the nesting area, 

where they occasionally pursued females as 

they left or entered nests. Male Y was most 

often present, followed by B and W; Y and 

B were seen fighting, as described below. By 

April 17, Y and G were present; on April 

18, B and W were intermittently present; 

by April 21, Y, G, and W were all making 
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Fig. 5. Courtship. After pursuit and capture, the 

female’s eyes are periodically rubbed by the flat brush 

of short hair, edged with long hair, on the extended, 

elongated mid tarsi of the male (arrows show motion). 

Above them, a second male similarly courts, while 

stretching his abdomen. The female is tightly clasped 

and her wings are held down by the male’s sturdy, 

curved hind legs, which wrap tightly around her ab- 

domen. The male’s front tarsi rest lightly on her thorax. 

Three additional males approach, one landing and two 

vigorously rub their hind tibiae together, apparently to 

raise the short, stiff black hairs inside them for better 

purchase on the female. The mid tarsal brushes are 

simultaneously rubbed inside the hind legs during the 

approach. The front legs are folded during flight. (from 

photographs). 

brief visits to the nest area, where females 

were starting to make their second nests. 
Male Y vigorously began to chase all the 

other males and aggressively pursued the 

females; and only Y had selected a revisited 

perch near the nest site. During this day, Y 

became increasingly aggressive toward oth- 
er males and females, and he even chased 
other insect species away from this territory; 

he slept overnight in one of the nest holes. 

During April 22, Y (which was smaller than 

many other males) aggressively chased away 

G and other males, and several times he 
seemed to be scent-marking his perch at 

intervals of about 10 minutes, by touching 

it for less than one s each time. Many males 

had shifted their patrolling territories to the 
flowers where females were foraging, but Y 

continued to pursue and pounce on females 



110 

returning to nests. After April 26, Y had 

disappeared, to be replaced at the nest site 

by an aggressive, unmarked male, which 

chased away Vespula wasps, G and W. On 
April 27, W and G were seen fighting, and 

by that afternoon, W was dominant. Male 

Y once flew briefly into his former territory, 

but he did not stay. Male W was still present 
on April 28, and by May 1, all male activity 
at the nests had ceased. In 1989, a similarly 
dominant male (marked blue) was seen from 

April 19-27 pursuing, and fighting with, two 

other marked males, as well as with un- 

marked males. This individual dominated 

a territory near the nests from May 2-17, 

from which he chased all other males and 

a calliphorid fly. 

Territorial display among the agile male 

A. pilipes consisted of rapid circling, twist- 

ing, and dodging aerial pursuits. These 
sometimes involved as many as 10 males 

simultaneously, thus being very difficult to 

observe. Usually, when a group of such 

males was in a territory near the nests, the 

entire loudly humming, shifting swarm rap- 

idly spiraled up and out of sight; after a 

minute or so, these males returned singly, 

to resume their patrols and mutual pursuits 

near the nests. Males patrolling flowers also 

chased each other. The rapid activity pat- 

tern of a single, dominant, marked male 
(blue) on a warm day 1s illustrated (April 

28, 1989: 12:20 EDT): hover in front of 

nests in territory, while rubbing hind legs 

together (H) 32 s; rest on perch in sun (R): 

14s; H 12 s; fly up, out of sight and return 

(BE) Sis 3H lOks Rls" EeS Os wee Ses R13 

SHEsSisiy et 20h Sisblali2is Rell Oissd4 

s; F 10 s; chased another male away (C) 10 

SHE 30issF:2 OissH39isy R23 iss#EU26)syR 

(Bis? © 2.sHi35is2 R248) SMES 9s ARealiis: 

C 50 s; (bee then left area temporarily). 

Males not only chased conspecifics but 

also pursued other insects, causing them to 

leave the territories; these included bom- 

byliid and calliphorid flies, Po/istes and Ves- 
pula wasps, and nest-seeking Osmia corni- 

frons bees. Larger insects, such as bumble 
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bees and carpenter bees, were not pursued, 

although males were seen pouncing on a 

Bombus queen as she foraged in a patrolled 
area; she left the area after 10 hits. Terri- 

torial behavior may help prevent other in- 

sects from interfering with nesting female 
A. pilipes (female A. pilipes ignored other 

insects near their nests). Although males 

were contentious during the day, they slept 

together at night in empty nests and holes, 

including a keyhole. Males did not enter 

burrows to seek females. Sleeping in bur- 

rows was also noted by Miyamoto (1958) 

and Verhoeff (1892) observed males shov- 

ing for space in a sleeping hole. 
Fighting among males seemed to occur 

infrequently. It began when a pursued male 

abruptly turned to face his pursuer, thus 

presenting him with the patch of pale facial 

hair and pale facial markings that distin- 
guish males from females. Such hovering 

“standoffs” lasted only a few seconds, be- 

fore one male either turned and flew off, 
with the other in hot pursuit, or, more rare- 

ly, the two insects collided audibly, grappled 

in midair and fell to the ground with a loud, 

harsh buzz. Then they immediately sepa- 

rated and flew up, one being chased rapidly 

away by the other. Individual territorial 
males hummed loudly, with the pitch of 

larger males being lower than that of smaller 

males; their pitch changed according to their 

flight patterns. It is unlikely that airborne 

sounds are perceived by bees (Fisher and 

Weary 1988). 

Due to the males’ nearly continuous di- 

urnal activity, involving high-speed pur- 

suits though gaps in vegetation, accidental 

collisions, fighting, and mating, the wings 
of males became frayed more rapidly than 
those of females. They eroded nearly as far 

as the marginal vein. As they aged, some 

broke their wing veins, thus dying because 
they could not fly to flowers to feed. Others, 
with eroded wing apices, flew more slowly 

and less often, with a lower-pitched hum. 

Aged males perched to sun themselves for 

longer periods than did young males and 
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they no longer aggressively patrolled or de- 

fended territories. Adult males did not live 

as long as females (40-48 days vs. 52-75 
days maximum activity period for each sex). 
Although the females were engaged in ar- 

duous nest excavating and cell making tasks, 
the secretion of the energy-rich lipid cell 

linings and larval food, oviposition, and 

foraging for food and liquids, their wings 

wore less rapidly than those of males. Wing 

wear and mortality are positively correlated 
in bumble bees (Cartar 1992). 

Attraction to females: Males throughout 
their lives vigorously and persistently dis- 

played to, and courted, females of all ages, 

until their wings became too worn to permit 

them to rapidly follow the females. Male 
behavior suggested that copulation may 

normally occur in the tree canopy or at an- 

other high landmark away from the pa- 

trolled territory, after the close pursuit of a 

receptive female by one or more males. 

Copulation at the nest site or on flowers was 

not seen. Males were not attracted to empty 

cells from which females had emerged, nor 
to dead females, nor to females that were 

held captive in a net. However, when a fe- 
male in a net was gently squeezed so that 

she emitted detectable mandibular gland 

scent, patrolling males flew upwind toward 

the net and hovered for 1-3 s where the 

scent was deposited. Males were also at- 

tracted for a minute to a box that had held 
virgin females, when it was first opened. 

Thus there seem to be both visual and 

chemical attractants. Although they seemed 
to be most strongly attracted to flying fe- 

males (and flying males), they sometimes 
pounced on females that were resting, for- 

aging or excavating nests. A courtship pat- 

tern that includes patrolling and close fol- 

lowing flight was noted by Miyamoto (1958) 

and in a related species by Stone et al. (1988). 

Males that were confined in the cages 

where they could be observed followed 10- 

20 cm behind flying females, while rubbing 
their hind legs together. When the females 
alighted, the males pounced on them, after 

111 

3-5 seconds spent hovering 5—15 cm behind 

these females. While hovering, the males 
hummed loudly, directed their antenna tips 

toward the females, and rubbed their mid- 

tarsal brushes against their hind legs. Si- 
multaneously they rubbed their hind tibial 

brushes together, and also gently rocked their 

hovering bodies from side-to-side. After the 

males grasped the females, the pairs buzzed 
sharply, fell to the ground, and separated 

instantly, without any evident copulation. 

Females with established nests were able 

to discourage unwanted male advances by 

raising their mid legs, by evasive flight, or 

more rarely, by confrontation. They did not 

leave nests when nuisance males were near 

them, or if they left, they flew out very 
quickly and directly. Females returning to 

their nests sometimes entered the wrong 

holes, as if to avoid pursuing males, or they 

dodged the males, making a distinctive sib- 

ilance during flight. Rarely, a pursued fe- 
male abruptly turned around, hovered, and 

briefly faced the male, which caused him to 

instantly back away and fly elsewhere. 

Male patrolling activity in the territory 

near the nests seemed to be determined in 
part by insolation, for there was more pa- 

trolling about mid-day when the sun shone 

on the site. Males patrolled flowers at other 

times of day. It was also influenced by the 
behavior of the females. Newly emerging 

virgin females, as well as females that were 

starting to excavate new nests (even if these 

were their second to fourth nests) exhibited 

slowly spiraling orientation flights that no- 
tably contrasted with the rapid, direct, pur- 

poseful nest departures and returns of fe- 

males that had well-established nests. Males 

seemed to be attracted by this hesitant flight 

pattern, for they were most actively patrol- 
ling at the nest sites when virgin females 

were emerging, and again during the period 
when many females were starting their sec- 
ond nests. 

Virgin females were closely observed as 
they first emerged from their natal nests, on 
April 7 and 8, 1991. Before females began 
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to emerge, males had been sporadically vis- 

iting the area during the previous 12 days. 
They flew past, briefly inspected holes, or 

two males chased each other in short bouts 

of 10-50 s, but all males were sometimes 

absent from the area for as long as a minute. 

When the females began to emerge, at least 

one male, and as many as ten or more males, 
remained constantly on patrol. Emerging 

dust-covered virgin females crawled out and 

rested near their nest entrances before their 

first flights. These stationary females, and 
virgin females still inside nests, were usually 

ignored by males. One such crawling female 

attracted a male, which hovered 1-2 cm be- 

hind her, vigorously rubbing his hind legs 

together, but she did not fly, and he flew 

away without contacting her. Most females, 
as soon as they began their initial orienta- 

tion flights, were closely pursued by 1-10 

loudly buzzing, frantically leg-rubbing, 
dodging males (usually all of the patrolling 

males), who followed their every movement 

(Fig. 4). A sibilant, hissing sound was emit- 

ted. Orientation flights began with the fe- 
males hovering, facing their nests, then 

slowly spiraling in widening arcs upward 
and toward the sun (usually southwesterly). 

Departing females were detected within 3- 

10s by the patrolling males. Although males 

followed all nesting females, the relatively 

slow departure of virgins permitted the 

males to maintain their close relationship 

in flight. When a chilled, immobilized, new- 

ly emerged virgin was placed at the nest site, 
she elicited a mating attempt that lasted 27 

seconds. The male approached from _ be- 

hind, with vigorous rubbing of his hind legs, 

grasped her, and rapidly brushed her face 

with his hairy mid tarsi, but the female re- 

sisted him by raising her mid legs, pushing 

him away, and he departed. 

Courtship and copulation: Mating was 

not observed until 1992, when I used five 

virgin females that were collected on emer- 

gence, chilled, and tethered by a thread tied 

between thorax and abdomen or held in for- 

ceps. Each female was swung back and forth 

repeatedly at various speeds where a group 

of males was patrolling in front of an adobe 
nest block. The more rapidly the females 

were swung, the more numerous the males 

that were attracted, the denser became the 

swarm of males (resembling drones follow- 
ing a queen honey bee on a mating flight), 

the more closely they followed her, and the 

more vigorous were their attempts to grasp 

the female in “‘flight.’”” Males ignored im- 

mobile females which were struggling to es- 
cape the forceps or thread, but were not 

swinging. Once males were attracted to a 

swinging female, they still attempted to mate 
when she was lowered to the ground. The 

attractiveness of females diminished after 
they had been exposed to the males for ca. 

two min. Males still followed swinging fe- 

males and pounced on them, but they no 

longer grasped them firmly in attempts to 

mate. 
During the few seconds’ courtship (Fig. 

5), a male firmly grasped the female’s ab- 
domen and held down her wings with his 

stout hind legs, which curled beneath her. 

(Probably the vigorous hind leg rubbing of 

males on approach to females serves to erect 

the stiff hairs inside their hind tibiae, to 
provide traction for grasping). He lightly 

rested his front legs on her abdomen or tho- 

rax. His slender mid legs were raised and 

fully extended above the female’s head. The 

mid legs were jerkily waved up and down 

at a rate of ca. three times/s, so that the flat 
brush of hair on the mid tarsi stroked the 

female’s compound eyes and antennae while 

he inserted his genitalia. During copulation, 
the male ceased rubbing the female’s eyes, 

became quiescent, and leaned back with his 

mid legs raised, or stroking the female’s tho- 

rax (1/s) for ca. 30-70 s, before abruptly 

flying away. Females were repeatedly mated 

and were sometimes courted by two or three 

piled-up males simultaneously. In Europe, 

Thalmann (1991) also observed that dom- 

inant males of A. pilipes in a greenhouse 
mated after a period of hovering near the 

female; they rubbed the females’ eyes and 
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antennae with their mid tarsal brushes, and 
mating was repeated. 

It is interesting that in 4. pilipes the mid 

tarsi bear brushes that are used during 

courtship in the same manner as are brushes 

or ornately fringed, flattened areas on the 

specialized fore tarsi of certain megachilid 

bees (Batra 1978), carpenter bees, and sphe- 

cid wasps (Low and Wceislo 1992). In these 

insects, these structures are used to cover 

the females’ eyes or to gently rub them, pro- 

ducing a flicker effect and quieting them. 

Some species in a genus (e.g. Anthophora) 
may have these structures, yet others lack 

them. Males of 52 of 81 species of Antho- 

phorini surveyed bore brushes on their mid 

and hind tibiae or tarsi, but their function 
was unknown (Norden and Batra 1985). 

These are probably used for tactile and vi- 

sual stimulation during courtship; they may 

also distribute sex pheromones during 

courtship and to delimit territories. 

NESTING BEHAVIOR OF FEMALES 

Nest initiation: Many females began to 

excavate their new nests during the same 

day that they had emerged from their natal 

nests and probably mated. The number of 

nests that were established during their pe- 

riod of emergence and the speed of female 

emergence were determined by the daily 

weather. For example, in 1991, 52 nests were 

started when a mass emergence of females 

occurred on April 8, which was an unusually 

hot, sunny day. In 1990, the weather was 

milder, the females emerged more slowly, 

and they established 42 nests during | 1 days, 

which included four cool or rainy days (Fig. 

2). 
There was a strong preference among the 

bees to reuse nests that had been occupied 

in previous years, rather than to excavate 

fresh holes or to use artificially made holes, 
as in Amegilla pulchra (Smith) (Cardale 
1968). Many holes were reused for four 

years. (In 1993, many bees preferred to creep 

under a white plastic sheet and wooden 

boards placed over five year old, eroding 
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nests, rather than move to adjacent new, 

exposed adobe blocks). In 1989, when there 

were no previous nests, the bees preferred 

artificially made holes as sites of nest ini- 
tiation to the flat surfaces of the adobe 

blocks. During the following years, the bees 

first renovated existing nests in old adobe 
blocks and made branch tunnels from them 

(sharing an entrance); they also utilized ar- 

tificial holes nearest to these natural nests; 
then they excavated nests beginning from 

the surface nearest to natural nests in old 

blocks; later, they dispersed to utilize arti- 

ficial holes in new blocks away from natural 

nests; and least preferred was to excavate 

nests starting from the surface of the adobe 
of new blocks relatively far from the densest 

aggregation of occupied nests. This dispers- 

al did not occur until the oldest adobe blocks 
seemed to have been filled to capacity with 

nests and the heavy traffic of flying bees was 

causing interference among them. Dispersal 

occurred in May, after the bees had already 

completed their first nests in the old adobe 

blocks. 

The time needed by a female for the nest 

site selection process varied from a few min- 

utes to several hours. Searching females 

hovered while facing the adobe surface, and 
produced a higher-pitched, “buzzier” hum 

than the smoother tones the of foragers. They 

alighted frequently to enter existing nests, 

and to carefully inspect any cracks or holes 

in the surface of the adobe. For example, 

five marked females alighted 5-11 times per 

minute during their searches. During one 

three-min search, another marked female 

entered | 1 established, occupied nests, leav- 

ing them promptly; she alighted on the pile 

of loose, excavated dirt at the base of the 

adobe four times, where she antennated and 

chewed it; she entered two artificial holes 

briefly, and once she chewed at a small de- 

pression in the adobe. Thus, a searching fe- 

male may make hundreds of site inspec- 

tions, and dig several shallow test holes, 

before selecting a nest location. Site selec- 

tion seemed to be based on memory (of the 
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general location of her natal nest or of a 

previous nest); sight (attraction to any holes, 

cracks and depressions); and odor (attrac- 

tion to the pile of dirt that was excavated 

by other females and to a container of such 

dirt removed five m from the nest area). 
Energy expended for careful nest site selec- 

tion may later permit energy saving during 

the laborious nest excavation process. For 

example, one kg (dry weight) of loose earth, 
moistened, bitten, and scraped out by the 

bees, had collected below 70 nests at one 
site (14 g removed per nest). 

Newly emerging, virgin females per- 

formed elaborate orientation flights, but fe- 

males that were foraging, and females that 

had completed and sealed their nests, did 

not do so when departing. Instead, these 

latter females that had been busy sealing the 

last cells in their nests abruptly ceased doing 

so, hovered for a few seconds in the vicinity, 

and began immediately searching for near- 

by sites where their new second, third, or 
fourth nests would be excavated. During 
their searches, these bees often entered nests 

while occupants were present. Usually, the 

searcher departed immediately without any 

evidence of conflict. There was usually no 

tendency of searching females to take over 

partly provisioned nests during the owners’ 

absences. Sometimes returning foragers 

briefly followed the hovering searchers, 
which caused searchers to leave the vicinity 

of the foragers’ nests. Conflict was seen rare- 
ly, and it occurred when a nest seeker en- 

tered an occupied nest, or when she did not 

leave promptly enough ona forager’s return. 

In these instances, loud, long, high-pitched 
buzzes were heard. The intruder was bitten 

and dragged, or shoved, out of the nest by 

the occupant. One intruder resisted ejection 
for two minutes by bracing her legs against 

the burrow walls. In another instance, a 

marked nest seeker (WO) was unusually 

persistent, and she succeeded in usurping a 

nest that was being excavated by an un- 

marked female (U), as follows (April 27, 
1990): 10:32, WO searched for a nest site 
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as U dug a shallow hole; 10:37, WO pulled 

U out of the hole, both bees left the area; 
10:38, WO returned, excavated the hole; 10: 

44, U returned, pushed WO out, dug: WO 

returned, pushed U out, dug, U hovered: U 

pushed WO, WO raised hind legs, kept dig- 
ging; U left area; returned, bit WO abdom- 

inal area; WO left, hovered, U dug: 10:47, 
WO grabbed U, knocked her out of hole; 

WO dug, U hovered, then pulled out WO 

by abdominal hairs, U entered hole; WO 

returned, grabbed U; both bees fell out; WO 

returned to hole; 10:48 U pulled out WO 

by hairs, both fell, U in hole: WO returned, 
pulled out U, both fell; WO in hole, pulled 

out by U (twice); U in hole, dug, was pulled 

out by WO, both bees fell, buzzed, clasped, 
bit each others’ legs; WO in hole, U pulled 

her out, both fell (repeated twice); U in hole, 

WO pulled her out (twice); U hovered, then 

began to seek another nest site; 10:50, WO 

making the hole deeper: 10:50-10:52, 
searching U touched WO twice but did not 

pull her; 10:55, WO left the hole with a 

prolonged orientation flight, indicating that 

she had selected it as her nest. By 11:02, U 
had started a new nest elsewhere. This ex- 

ample is presented at length due to its rarity. 

This is contrary to the frequent usurpation 

and fighting among European 4. pilipes not- 

ed by Van Lith (1947). The usual passivity 

of the Japanese subspecies often permits two 

females to share a single entrance without 

conflict. Many holes led to two branch tun- 

nels, with each tunnel leading to a series of 
cells constructed independently by each fe- 
male (Fig. 3). These shared nest entrances 

became more common as the season pro- 
gressed. The apparent leveling-off in the 

number of new nests constructed, based on 

counts of nest entrances, was partly due to 

the increased sharing of nest entrances (see 

below). There were more nests than en- 

trances, especially late in the season (Fig. 

2). 
When a searching female had evidently 

decided on a nest site, after having chewed 

at the soil for 2-6 min, perhaps marking it 
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with her mandibular gland secretion, she 

performed a prolonged orientation flight, at 

first hovering briefly before her selected spot, 
then spiraling up and away (Fig. 3), to return 

after 2-7 min with a load of liquid to moist- 

en and soften the adobe for further exca- 
vation. Subsequent departures involved no 

orientation flights, the site having already 

been memorized. The site of any previous 

nest was forgotten after it was sealed, when 
searching behavior was initiated. This abil- 

ity to learn new locations for nests would 

be beneficial for growers, who may be re- 

quired to move pollinator colonies occa- 

sionally. Usually, once a site was selected, 
the bee continued to excavate. In a few in- 

stances, females abandoned partly-excavat- 

ed sites for others, after making several liq- 
uid-collecting trips and after digging several 

mm (one abandoned hole was made into a 

nest the following year). Evidence that site 
memorization occurs during the spiraling 

orientation flight was provided when a 

marked orientating bee that was just leaving 
a newly selected site bumped into a return- 

ing forager. The memorizing bee immedi- 

ately ceased her orientation flight, and re- 
sumed her search for a new nest site, without 

any noticeable attraction to the site that she 

had just selected and had begun to memo- 

rize; evidently she became confused by the 
collision. 

Excavation and construction: Nest ex- 

cavation required frequent trips to collect 

liquid, which was regurgitated to moisten 

and soften the dry, hard, red clay adobe. 

Houston (1991) suggested that the anthoph- 

orid Amegilla dawsoni (Rayment) may use 
nectar to moisten and soften soil for nest 
excavation because free water was not avail- 

able in their desert habitat. Although plenty 
of water as dew, raindrops, puddles and in 

shallow trays was available to 4. pilipes in 

cages and near nests in the field, females 

were not seen collecting it. This was sur- 

prising, because 4. abrupta and other spe- 

cies drink water for nest construction. I 
placed bits of soil that had been orally 
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moistened by excavating females, and to me 

tasted sweet, on water-moistened Dextro- 

stix glucose oxidase-chromogen blood glu- 

cose test strips, to test for sugars. These al- 
ways gave a strong positive reaction, 

suggesting that these bees may be using nec- 

tar to moisten soil. The same test strips did 

not react with soils that had been moistened 

by A. abrupta, a species that is known to 

collect water. Pollination would be accom- 

plished by A. pilipes when gathering nectar 

for use in nest construction, an additional 

benefit of this species. Twenty-six liquid- 

collecting trips lasted 2-1 1 minutes, and de- 

position of the liquid during the nest ex- 

cavation between trips lasted 3—5 minutes. 

Excavation was accomplished by the man- 

dibles, and the loosened soil was raked out 

primarily with the forelegs. The scopae of 

excavating females often became filled with 

mud and dust. Females that were returning 
with a load of liquid sometimes flew up to 

their nests with their glossae extended, as if 

they were approaching flowers. The rate of 

nest excavation varied, perhaps because the 

adobe was not of uniform texture. The bees 

generally excavated at the rate of one mm 

in depth per 24 minutes, including the flight 
time needed to collect liquid. Excavation 

consisted of alternately extending the glos- 
sa, to release a droplet that moistened the 

soil, then taking 5-10 rapid bites, with the 

tongue folded and head nodding. During ex- 

cavation, the females produced series of 

sharp, distinctive quack-like chirps, audible 

from 1-2 m. Probably these vibrations 

helped to loosen the soil. This cycle was 

repeated until more liquid was needed. Fif- 

teen of 20 nests that were excavated from 

the surface (not renovation of old nests), 

were completed and ready for provisioning 

during fair weather within 24 hours of the 

initial selection of their sites, but five nests 
required one or two days for excavation. 

The most rapid progress was a nest that was 

completely excavated, with provisioning 

begun, within seven h at 25-29°C. 

The shallow nests, which consist of a se- 
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ries of about four ovoid cells, were described 

by Torikata (1931) and Van Lith (1947). 

Cells are lined with an opaque, whitish waxy 

layer and emit a nauseating odor (Van Lith 

1947). In A. abrupta, the cell lining is made 

of diglycerides and odoriferous butyric acid, 
secreted as triglycerides from the abdominal 

Dufour’s gland; these secretions are also 

added to the semiliquid provision (Norden 

etal. 1980). The multilobed Dufour’s gland 

of actively nesting A. pilipes, like that of 4. 

abrupta, occupies about 70% of the abdom- 

inal cavity. Nests and provisions of 4. pi- 

/ipes in the adobe blocks emitted a pungent, 

unpleasant butyric odor discernible from 

four m away; it was similar to that of 4. 

abrupta and fermenting oak sap or vomit. 

During warm evenings, this odor attracted 

ambrosia beetles (Scolytidae). 

Provisioning, oviposition, and closure: 

Pollen-collecting trips lasted 647 min. They 

were in series, or alternated with one or sev- 

eral return trips without pollen. Observa- 

tions of pollen load color and pollen anal- 

yses showed that many females collected 

pollen from more than one host during a 

single foraging trip, or switched hosts during 

a day or more. Departing foragers precipi- 

tously lurched from their nest entrances, of- 

ten falling 2—4 cm to gain momentum before 

taking flight. Those that left nests near the 

bases of the adobe blocks sometimes tum- 

bled onto the ground. There were no ori- 
entation flights by foragers, which departed 

directly and swiftly. Returning foragers usu- 

ally entered nests directly or after periods 

of hovering in a stepwise pattern (Fig. 3). 

They appeared to be unusually inquisitive 

for insects, and often hovered to inspect the 

observer and other bees, turning to face 

them. At very low light levels (600 lux), 

hovering became prolonged, flight became 

slow, humming took on a low pitch, and 

returning foragers often alighted near their 

nests, to which they crawled. 
Total time spent in cells to deposit nectar 

and pollen loads ranged from 2-9 min. It 

was possible to observe provisioning in those 

cells that were located near the surface. For- 

agers entered head first, deposited their nec- 

tar for 30-60 seconds while pumping their 

abdomens, quickly turned around, scraped 

the pollen from the scopae on their hind 

legs for 30 seconds, then slowly rotated for 

2—2.5 min in the cells several times in both 

directions (about once per 10s), while mak- 

ing rapid tamping motions with their ab- 

domens. The pygidial plate was evidently 

being used to compress and mix the pro- 

visions. Dufour’s gland secretion probably 

was also added at this time (probes that were 

dipped into cells that were being provi- 

sioned removed samples of wet pollen that 

had a strong, butyric odor). Bees sometimes 

then quietly rested, looking out of their cells, 

for 40 s to five min, before rotating their 

heads, protruding their tongues, and abrupt- 

ly leaving for another foraging trip. Ovi- 

position was cryptic, brief, and could not be 

observed without disturbing the bees. It oc- 

curred during a rest period as described 

above, and was indicated because the fe- 
male next began sealing the cell instead of 

leaving for another foraging trip. 

The process of cell sealing includes be- 

havior patterns similar to those used by oth- 

er Anthophora species during cell construc- 

tion. After the pause for oviposition, females 

immediately began to chew at the nest en- 

trances while licking these areas to wet them. 

Chewing and licking (with folded glossas) 
alternated, while the bees’ heads bobbed 

about 10 times per second. Meanwhile, the 

bees also rotated in both directions (10-20 

s/rotation) as they rapidly tamped down the 

soil that had been wetted and loosened by 

their mouth parts and shoved back by their 

legs. Bees rapidly vibrated their pygidial 

plates (ca. 10 tamps/s) to compress the soil, 

gradually forming the smooth, shiny, wet 
exterior of the cell caps. As cells neared 

completion after some 20 minutes, tamping 

continued, but biting and licking ceased. 

Bees occasionally paused, with waving an- 

tennae, to rest, or groomed themselves. The 

cell cap formed the bottom of the next cell 
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in the series or served to seal the nest, if the 

cell was near the surface and there was no 

more space for another cell. In that case, 

bees abruptly ceased tamping, and flew off 

to seek a new nest site. 

Nest occupancy: The patterns of con- 

struction and renovation in 63 numbered 

nest entrances were observed from April 18 

through May 31, 1990. The movements of 

18 females that had been individually 

marked with dots of paint were tracked as 

they constructed, provisioned and sealed 

nests, then moved on, to begin new nests. 

Thirty-three of the 63 nests had been 

started before April 18. These primary (the 

first nest made by a bee) nests were inhab- 

ited by their original residents for as long 

as 31 days. Thirteen of them were reoccu- 

pied by another bee within 24 h to 19 days 

after they had been abandoned by the orig- 

inal residents. (Many original bees went 

elsewhere to begin another nest). These bees 

stayed for 3-19 days, making secondary 

nests. Some could be seen excavating a 

branch tunnel just inside the nest entrance 

(Fig. 3). Three of these 33 nests were sub- 

sequently reoccupied by a third bee, after 

having been vacated by the second bee for 

1-8 days. These tertiary nest occupants 

stayed for 6-21 days. 

The complete cycle of nest initiation, con- 

struction, provisioning, completion, and 

abandonment (perhaps with reoccupation) 

was observed in the remaining 30 nests that 

were started on or after April 18. Their orig- 

inal constructors and inhabitants stayed for 

3-26 days. Twelve of these 30 nests were 

reoccupied by a second bee after lying va- 

cant for from under 24 h to 19 days. Two 

of the 30 nests were later to be occupied by 

a third bee. 

As nest entrances were occupied and 

reoccupied by many bees during up to five 

years, they became wide and irregular. For 

example, nests that were first excavated in 

1989 were preferred sites for re-nesting dur- 

ing the next four years. Some may thus have 

been home to as many as 12 active, repro- 

LAT 

ducing females: one in 1989, two in 1990, 
three in 1991, 1992 and 1993. Nest entranc- 

es were never repaired or otherwise attend- 

ed to by A. pilipes. 
The 18 individually marked females made 

a total of 30 nests; 11 of them made only 
one nest. However, three made one extra 

nest, three made two extra nests, and one 

made three extra nests. These latter bees 

thus made 12 supplemental nests, in addi- 

tion to their original nests. Seven of these 

supplemental nests were also secondary 

nests, having been made in existing nest en- 
trances made by another bee; the remaining 

five nests were begun ‘from scratch’. 

Because the adobe was not broken up in 

order to count total cells, the contribution 

of each type of nest to reproduction was not 

determined. It was more important not to 

disturb as many bees as possible, in order 
to maximize their survival. The sharing of 

nest entrances and the construction of mul- 

tiple nests by individual bees made it dif- 

ficult to estimate the total population by 

counting nest entrances. 

CONCLUSION 

Anthophora pilipes villosula, the “shaggy 

fuzzyfoot bee” is highly recommended for 
management and development as a polli- 

nator of spring-blooming crops in warm, 

humid temperate climates. This gentle, gre- 

garious bee is tolerant of human activities, 

perhaps having been associated with people 

in caves and houses for millennia. It forages 

for food, nest provisions, and nectar used 

in nest building, from before dawn until af- 

ter dusk, and in inclement weather. It nests 

in inexpensive adobe blocks that may be 

easily handled and stored during the bees’ 

long dormancy. 
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Abstract.—The New World genus Brachista Walker is reviewed and its position within 

the Trichogrammatidae discussed. Three species are included, B. fidiae (Ashmead), B. 

efferiae Pinto, n. sp., and B. fisheri Pinto, n. sp. The two new species are phoretic on 

Asilidae (genus Efferia). Descriptions, a key to species, and a summary of known biological 
data are included. 

Key Words: 

Brachista Walker is a small genus of 
Trichogrammatidae occurring in North, 
Central and South America. Three closely 

related species are included, B. fidiae (Ash- 
mead) and two new species, B. efferiae Pinto 

and B. fisheri Pinto, described below. Brach- 
ista fidiae is reported to parasitize eggs of 
Coleoptera and Homoptera. Hosts of the 

new species are unknown. A phoretic as- 

sociation with adult Efferia suggests that they 

parasitize eggs of robberflies. Although oth- 

er genera of Trichogrammatidae are pho- 

retic on Lepidoptera and Orthoptera (Yo- 

shimoto 1976), this is the first report of such 

a relationship with Diptera. This paper de- 

tails the taxonomic, distributional and bi- 
ological data available on Brachista. The 

relationship of the genus to other tricho- 
grammatid genera also is discussed. 

Workers have previously used the name 

Giraultiola Nowicki for fidiae, while assign- 

ing an unrelated group of Palaearctic species 

to Brachista (Nowicki 1936, Doutt and Vig- 

giani 1968, Yousuf and Shafee 1986). The 

inappropriateness of these assignments was 

recently discussed (Pinto 1993). Because fl- 

Trichogrammatidae, Brachista taxonomy, phoresy, Asilidae, Efferia 

diae clearly is the type species of Brachista, 

nomenclatural convention mandates the ge- 

neric definition utilized here. 

Brachista Walker 

Brachista Walker 1851: 213. Pinto 1993: 

298. Type species: Brachysticha fidiae 

Ashmead, by subsequent monotypy. 

Brachysticha Foerster 1856: 88. Ashmead 

1894: 171. Unjustified emendation of 

Brachista. 

Giraultiola Nowicki 1936: 136. Doutt & 

Viggiani 1968: 552. Yousuf and Shafee 
1986: 17. Type species: Brachysticha fi- 

diae Ashmead by monotypy. 
Giraultia: Steffan 1954: 669. Subsequent 

misspelling of Giraultiola. 

Elongate, relatively narrow trichogram- 

matids, gaster elongate, evenly tapered to 

apex; head broad, slightly wider than tho- 

rax. Primarily yellow brown or brown with 

a pale midline along mesoscutum and scu- 

tellum, and a pair of darker elongate mac- 

ulae on terga I-IV of gaster. Eyes reddish. 

Body length 0.6-0.8 mm. Fig. 1. 
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Rigs 1: Brachista fidiae, female (110), mounted 

in Canada balsam (focusing on ventral surface); arrow 

points to gastral apodeme. 

Antenna with two anelli (A) and a four- 

segmented, fusiform club (C), widest at C2, 

club length ca. '2 that of entire antenna, Cl 

slightly separated from rest of club in some 

specimens; funicle absent. Mandible triden- 

tate. Maxillary palp one segmented. Me- 

soscutum and scutellum each with 2 pair of 

strong setae. Mesophragma elongate, ca. 

twice as long as wide, evenly tapering pos- 

teriorly, emarginate apically (Fig. 1). Fore- 

wing (Figs. 2-4) with slight fumation be- 

neath venation; moderately wide, 0.4—0.5 

as wide as long; setation on apical half of 

wing surface dense, not obviously arranged 

in linear vein tracks, without setae imme- 

diately beneath venation, RS, absent or 

Figs. 24. Fore wings of Brachista. 2, B. fidiae; 3, 

B. efferiae, 4, B. fisheri. 

poorly indicated; venation extending ca. half 

length of wing; premarginal and marginal 

vein relatively straight in combination; 

marginal vein moderately elongate, 1.2—1.5 

length of premarginal vein and 2.0-2.7 

length of stigmal vein; marginal vein ter- 

minating abruptly; stigmal vein distinct, 

moderately and gradually constricted to 
base, directed posterolaterally. Hindwing 

with three complete setal tracks extending 

from hamuli to apex. Ovipositor very short, 

length much less than half gaster length, 
much shorter than hindtibia, retracted with- 

in gaster but entire mechanism apparently 

protrusile. Gaster unique, with two elon- 

gate, ventrolateral strutlike apodemes (Fig. 
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1) extending anteriorly from near apex of 

sternum VII to sternum VI (apodemes po- 

sitioned immediately lateral to ovipositor 

when it is completely retracted in gaster; at 
full protrusion of ovipositor the posterior 

end of apodemes are at level of gonangu- 

lum); sternum VII very narrowly divided 

longitudinally. 
Male genitalia (Figs. 10, 11) as in the 

Chaetostrichini (see Viggiani 1971); short, 

length only slightly greater than half hind 

tibial length; phallic structures including ae- 

deagus fused into a tubular structure; par- 

ameres and volsellae absent; with a well de- 
veloped anterodorsal aperature (AAD of 

Viggiani 1971). 

Relationships and diagnosis: The current 
classification of the Trichogrammatidae is 
based primarily on male genitalia (Viggiani 

1971). On this basis Brachista is tentatively 

assigned to the Chaetostrichini, a tribe of 
Oligositinae in which the anterodorsal aper- 

ture of the genital capsule is strongly differ- 

entiated. Within this group Brachista is most 

similar phenetically to Uscana. Both have 

the same antennal formula, and similar ve- 

nation and male genitalia. Brachista differs 

considerably, however in overall body shape 

(more slender than Uscana), absence of a 

distinct RS, and other linear setal tracks 

(present in Uscana), the unique gastral apo- 

demes, and the apparently protrusile ovi- 

positor. 

The ovipositor of Brachista appears to be 

unique within the Trichogrammatidae. Un- 

like other genera, its position in  slide- 

mounted specimens varies from complete 

retraction within the gaster to complete pro- 

trusion. Only the apodemes remain fixed. 

This suggests that the ovipositor is not at- 

tached to the terminal gastral segments and 

that musculature associated with the apo- 

demes is responsible for protrusion and/or 

retraction of the entire ovipositor. This may 

be analagous to that described in certain 

genera of Scelionidae by Austin (1983). The 

presence of gastral apodemes clearly is de- 
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rived and distinguishes Brachista from all 

other Trichogrammatidae. 

KEY TO THE SPECIES OF BRACHISTA 

(FEMALES) 

1. Segment IV of antennal club (Fig. 5) asym- 

metrical in lateral view, with several relatively 

short, curved setae on ventral surface. Claws 
normal, not strongly decurved, not distinctly 

lobed (Fig. 15). Outer plate of ovipositor emar- 

ginate posteriorly (Fig. 12). Not known to be 

phoretic on robberflies ........ fidiae (Ashmead) 
— Segment IV of antennal club (Fig. 7) symmet- 

rical, setae similar on all surfaces. Claws strongly 

decurved, distinctly lobed (Fig. 16). Outer plate 

of ovipositor emarginate posterolaterally (Figs. 

13, 14). Phoretic on robberflies ............. 

2. Fore wing (Fig. 3) almost ', as wide as long; 

length of longest fringe setae on wing no more 

than '4 maximum wing width. Hind femur not 

inflated (Fig. 8), its width distinctly less than 

'4 its length. Southern United States to Central 

AMEeriGa® . 2ctteniat mcmama tiseieente efferiae n. sp. 

— Fore wing (Fig. 4) narrower, distinctly less than 

‘4, as wide as long; length of longest fringe setae 

on wing longer, at least , maximum wing width. 

Hind femur inflated (Fig. 9), its width about ', 

its length. Brazil _fisheri n. sp. 

tN 

Brachista fidiae (Ashmead) 

Brachysticha fidiae Ashmead, 1894: 171. 
Webster, 1894: 169. 

Brachystichta fidiae: Webster, 1896: 69 

(misspelling of Brachysticha). 
Lathromeris cicadae Howard, 1898: 102. 

Marlatt, 1898: 97, 1907: 130. Girault, 

LOM Ne Ts LOLS ser: 

Brachista fideae: Girault, 1907: 29 (mis- 

spelling of fidiae). 
Lathromeris fidiae: Johnson & Hammar, 

1910: 57. Girault, 1911: 69. 

Giraultiola fidiae: Nowicki, 1936: 136. Doutt 
& Viggiani, 1968: 552. 

Length 0.6-0.8 mm, width ca. 0.2 mm. 

Head broad, ca. 1.1 greatest width of thorax. 

Color: Head light to golden yellow above 

eyes, dark brown below. Antenna light yel- 
low. Eyes dark red. Thorax brown with nar- 

row yellow-brown longitudinal line at mid- 
dle of mesoscutum and scutellum, and along 
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notauli; scutellum paler than mesoscutum; 

metanotum and propodeum yellow-brown. 

Gaster yellow-brown to brown, somewhat 

darker anteriorly. Venter yellow-brown. 

Legs brown except base and apex of femora 

and tibiae and entire tarsi light yellow. Wings 
not fumate. 

Female: Antenna (Fig. 5) with relative 

length/width of scape, pedicle and club 45/ 

15:27/18:59/22; club elongate, relative 
length of segments 4:3:3:4; C4 asymmetri- 

cal in lateral view, dorsal surface straight, 
ventral surface asymmetrically convex; Cl 

& C2 with several short unsocketed sensilla; 
C2 & C3 with several pale, relatively elon- 

gate setae; ventral surface of C4 with 8-18 

pale, shorter setae curving toward apex of 

segment; with 1, 1, 2, 3 linear placoid sen- 

silla on Cl-C4, respectively, and at least 1 

basiconic sensillum at apical margin of each 

club segment; longest seta on club ca. 1.2 

length of C3. 

Mesoscutum and scutellum weakly sculp- 

tured, each with two pair of narrow, elon- 

gate setae, posterior pair closer to midline 

than anterior pair. Forewing (Fig. 2) 0.45- 

0.55 as wide as long; longest fringe setae ca. 

0.15 maximum wing width; wing densely 

setose, resulting in linear setal tracks being 

poorly delimited; setation on disc short and 

pale. Marginal vein relatively elongate, ca. 

1.4 length of premarginal and ca. 2.7 length 

of stigmal vein; stigmal vein slightly con- 

stricted at base; premarginal vein usually 
with one seta. Hindwing relatively narrow, 

with 3 complete setal tracks, setae of pos- 

terior track shortest. Legs slender, with rel- 

ative length of femora, tibiae and tarsi as 
follows: fore- 70:62:(12:20:18), mid- 68:80: 

hindfemur 0.4 its length. Claws (Fig. 15) 

normal, not decurved, perpendicular to lon- 

gitudinal axis of leg, poorly sclerotized, lobe 

subtending claw relatively small, not fused 

to ventral surface of claw. 
Ovipositor (Figs. 1, 12) occupying ca. 0.3 

length of gaster, 0.72-0.85 as long as hind- 
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tibia (relative length usually greater in 
smaller specimens); outer plate (tergum IX) 

with posterior margin distinctly emarginate, 

extending ca. 73 length of ovipositor; gon- 

ostylus relatively elongate, narrowly atten- 

uate; gastral apodemes well developed. 

Male: As in female except antennal club 
(Fig. 6) suboval in shape, C4 subconical, 

symmetrical and lacking the modified api- 

coventral surface and associated curved se- 

tae; setation generally shorter and more ro- 

bust; Cl-4 with 1, 1, 1, 2 linear placoid 

sensillae, respectively. Genitalia as in Fig. 

10, length 0.62 hindtibial length, not wider 

apically than near base. 

Diagnosis: The asymmetrical antennal 

club in females with curved apicoventral 

setae on C4, the longer ovipositor with its 
posteriorly emarginate outer plate, and the 

simple claws separate B. fidiae from B. ef- 

feriae, n. sp. and B. fisheri, n. sp. 

Type information: Brachysticha fidiae 
Ashmead: Syntype 4?; Euclid, Ohio; July 

1894; from eggs of Fidia viticida on grape- 
vine; F. M. Webster, collr.; United States 

National Museum (USNM) No. 1448, ex- 

amined. All that remains of this specimen 

is a fore and hindwing, and part of the tho- 

rax, now mounted under two coverslips on 

a glass slide in Canada balsam. Girault 

(1911) examined two “‘tagmounted speci- 

mens labelled type No. 1448.” He reported 

the female missing and that only the fore- 

wing remained of the male. Ashmead’s de- 

scription suggests that the type series in- 

cluded more than one specimen but appears 

to be based on the female (one?) only. No 

mention is made of males. It is not possible 

to verify the sex of the syntype examined. 

It is not designated lectotype because of the 

remote possibility that undamaged speci- 

mens from the type series still exist. 
Lathromeris cicadae Howard: Lectotype 

2, herein designated; Virginia, “just across 

the Potomac River from the City of Wash- 

ington, in July, 1895”’; from eggs of Cicada 
septendecim; T. Pergande collr.; USNM No. 
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Figs. 5-7. 
(female). 

3850, examined. The lectotype is on a glass 

slide with three other conspecifics (1 9, 2 8). 

The specimen chosen as lectotype is the fe- 

male mounted in a dorsoventral position 

(the second female is mounted on its side). 

Hosts: The type series of B. fidiae emerged 
from eggs of the grape rootworm (Fidia vi- 

ticida Walsh) (Coleoptera: Chrysomelidae) 

on grape vines in Ohio (Ashmead 1894). 
Webster (1894) observed parasitization on 

Antennae of Brachista (club in lateral view). 5, B. fidiae (female); 6, B. fidiae (male); B. efferiae 

this host and recorded a developmental time 

to adult emergence of 21 days. The species 
was reported from this same host in Penn- 

sylvania by Johnson and Hammar (1910). 

The species apparently also can be a severe 

parasite of eggs of the periodical cicada 
[Magicicada septendecim (L.)| (Homoptera: 

Cicadidae) (Marlatt 1898). Specimens 

emerging from cicada eggs were described 
as a distinct species by Howard (1898). 
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Figs. 8-11. 

(, 5 a 

10 %Ly fill a 

8, hind femur B. efferiae (female, base at left); 9, hind femur B. fisheri (female, as in 8); 10, male 

genitalia B. fidiae (base above); 11, male genitalia B. efferiae (as in 10). 

Geographic distribution: Eastern and 

southwestern United States with individual 
records from central Mexico and Costa Rica. 

Records: 182, 1146. COSTA RICA. San 

Jose: Ciudad Colon; 800 m; 1 2; 111/1v-1990; 
L. Fournier & P. Hanson. MEXICO. Jalis- 

co: Magdalena, 7 mi. W.; 1 2; x-26-1982; 

sweeping; J. T. Huber. Morelos: Tlayaca- 

pan; | ?; x-29-1982; sweeping; J. T. Huber. 

UNITED STATES. Arizona: Bisbee, 2 m1. 

E. (ict. Hwy. 80 & Warren Rd.); 2 9, 2 4; 
vill-27-1982; sweeping; J. LaSalle. Syca- 

more Cyn. (Santa Cruz Co.; 9 mi. W. Pena 

Blanca Lake); 4100 ft.; 2 2, 2 6; vii-12-1983; 

R. Anderson. California: Anza Borrego State 
Pk. (Coyote Cyn., 550 ft.); 1 9; iv-20-1982; 
J. B. Woolley. Menifee Valley, hills on W. 
end (Riverside Co.); 1 9: 1x-1988; yellow pan 

trap; J. D. Pinto. Maryland: Patuxent Re- 

search Sta. (Prince Georges Co.); 1 4, 2 9; 

vi/vill-3-1986; Malaise trap; D. B. Wahl. 

Ohio: Euclid (holotype of B. fidiae). North 
Carolina: Jackson, 7 km S. (Northampton 
Co.); 1 9; x-23/xi-15-1987; flight intercept 

trap in bald cypress swamp; BRC Hym. 

Team. Pennsylvania: Wilawana (Bradford 

Co.); 1 2; vii-21-1991; R. H. Crandall. Tex- 

as: Ben Bolt, 8 mi. W. (La Copita Research 

Sta., Jim Wells Co.); 2 2; v-20-1987; J. B. 

Woolley. Inks Lake State Pk. (Burnet Co.); 

1 6; v-2-1987; sweeping; J. Heraty. Presidio 

Co. (Big Bend Ranch; lat. 29°30'20”", long. 

103°52'15”); 4400 ft.; 1 6; J. Woolley & G. 

Zolnerowich. Presidio Co. (Big Bend Ranch, 

3.5 mi. SE. La Sauceda); 4280 ft.; 1 9, 1 6; 

v-19-1990; G. Zolnerowich. Presidio Co. 

(Big Bend Ranch, 2.6 mi. E. Sauceda); 4260 

ft; 1 2, 1 8; v-15-1990; G. Zolnerowich. Vir- 

ginia: across the Potomac River from 

Washington D.C. [2 9, 2 4, type series of B. 

cicadae (Howard)]. 

Notes: Brachista fidiae and B. cicadae 

were first synonymized by Girault (1918), 

although, curiously he treated the junior 

name as valid. This synonymy has been 

maintained by others (Nowicki 1936, Doutt 

and Viggiani 1968) and is continued here. 

However, verification is needed. The type 
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12 13 14 
Figs. 12-14. Ovipositor (partial) of Brachista (dorsal view of left side) showing shape of outer plate and 

gonostylus. 12, B. fidiae; 13, B. efferiae; 14, B. fisheri. 

of fidiae is represented by a badly damaged 
specimen and has been at least since 1911 

when it was first examined by Girault. That 

the species occurring on Fidia and Magi- 

cicada are the same should be confirmed by 

additional collecting from both hosts in 
eastern North America. 

The female from Anza Borrego State Park, 

California, is tentatively assigned here. It is 

similar to B. fidiae in all respects except the 

outer plate of the ovipositor is somewhat 

longer and the gastral apodemes are broadly 

curved rather than straight. 

Brachista efferiae, New SPECIES 

As in B. fidiae with following differences: 
Female: Antenna with C4 relatively 

symmetrical, unmodified, subconical, with- 

out pale, curved apicoventral setae on C4 

(cf. Figs. 5, 7). Forewing with setation on 

disc darker, more distinct; premarginal vein 

typically with 2 strong setae. Claws strongly 

decurved, parallel to longitudinal axis of leg, 

more distinctly sclerotized, lobe subtending 
claw large, fused along basal *4 of ventral 

surface of claw (cf. Figs. 15, 16). Ovipositor 

shorter, only ca. 0.2 length of gaster, 0.49- 
0.58 hind tibial length (HTL) (in specimens 

HTL ranging from 0.14-0.19 mm); outer 

plate (tergum IX) with a distinct postero- 

lateral emargination; gonostylus much 

broader (cf. Figs. 12, 13). 

Male: Antennal club with shorter, more 
robust setae than in female. Genitalia as in 

Fig. 11, length 0.53 that of hindtibia, some- 

what broader apically than at base. Claws 

modified structurally as in female. 

Other traits (females): Longest seta on 

club 1.10-1.39 length of C3. Forewing 0.47- 

0.49 as wide as long, length of longest fringe 
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Figs. 15, 16. Claws (hind leg) of Brachista. 15, B. fidiae (4800 x); 16, B. efferiae (4800 x). Arrows parallel 

to longitudinal axis of leg. 

setae 0.18-0.20 maximum wing width. 
Femora not inflated (Fig. 8); hindfemur 

width ca. 0.4 its length. Gastral apodemes 

as in B. fidiae, well developed, attaining bas- 
al half of segment VI. Outer plate of ovi- 
positor with medial projection usually 

evenly arcuate (Fig. 13). 

Diagnosis: The unmodified antennal club 
in females, the more lateral emargination of 

the ovipositor’s outer plate, and the strongly 

decurved claws separate this species from 

B. fidiae. It is separated from B. fisheri, n. 

sp. by the well developed gastral apodemes, 

less swollen femora (cf. Figs. 8, 9), and 

broader fore wing (cf. Figs. 3, 4). The latter 

two are not completely separable by the dif- 

ferent shape of the outer plate indicated in 

Figs. 13, 14. A few females of B. efferiae 
cannot be distinguished from B. fisheri for 
this character. 

Type information: Holotype °. MEXI- 
CO. Tamaulipas; Cd. Victoria, 14 miS.; vi- 

29-1970; attached to specimen of Efferia 

texana (Banks); E. M. & J. L. Fisher, collrs.; 

slide mounted in Canada balsam; deposited 

in United States National Museum 

(USNM). Nine paratype 2 taken from the 

same asilid as holotype deposited as fol- 

lows: Canadian National Collection, Otta- 
wa (1 on slide, 1 on card), British Museum 

(Natural History) (1 on slide, | on card), 

USNM (1 on card), University of Califor- 

nia, Riverside (2 on slide, 2 on card). 

Etymology. The specific name is in ref- 

erence to the phoretic relationship of this 

species with robberflies of the genus Efferia. 

Hosts: Unknown; phoretic on Efferia 

robberflies (see below). 

Geographic distribution: Southern Unit- 

ed States, south to Costa Rica; British Vir- 

gin Islands. 

Records: 94 9, 2 6. BRITISH VIRGIN 
ISLANDS. Guana Island: Guana Peak; 245 
m; 2 2 on Efferia stylata (Fab.); x-12-1991; 
R. R. Snelling. “Hotel area”; 7 2 on two 
specimens of Efferia stylata; x-5-1991, x-15/ 
16-1992; R. R. Snelling. COSTA RICA. 
Heredia: Puerto Viejo (La Selva Biol. Sta.); 
2 2 on Efferia nr. argentifascia (Enderlein); 
ili-27-1988; H. A. Hespenheide. GUATE- 



128 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

MALA. Zacapa: Zacapa, 7 km S.; 2 2 on 

Efferia nr. quadrimaculata (Bellardi); vii-5- 
1977; E. M. Fisher. MEXICO. Baja Cali- 

fornia Sur: La Burrera, 2.5 mi. E.; 1800 ft.; 

10 2 on Efferia nr. rapax (Osten Sacken); 

x-20/21-1972; E. M. & J. L. Fisher. Las 

Barracas, ca. 30 km E. Santiago; 10 2, 1 4; 

10 dates in 1984-86 from v-5 to vi-26; yel- 
low pan traps; P. DeBach. Rancho Buena 

Vista; x-16-1972; 1 2 on Efferia sp. #5 
(anomala group); E. M. & J. L. Fisher. Chia- 
pas: El Jacote, 6 km NW.; 610 m; 1 2 on 

Efferia bimaculata (Bellardi); vii-1-1977. 
Guerrero: Iguala, 13 km NNW; 1035 m; | 

2 on Efferia bimaculata or near; vii-6-1979; 
E. M. Fisher & P. Sullivan. Taxco, 15 km 
NE.; 1650 m; 2 2 on Efferia sp. #1 (albi- 

barbis group); vili-6-1977; E. M. Fisher & 

P. Sullivan. Hidalgo: Jacala, 13 km NE.; 
1570 m; 1 2 on Efferia nr. cingulata (Bel- 

lardi); vi-24/25-1977; E. M. Fisher Jalisco: 

Jacotepec, 11 km SE. (ct. Hwy 15); 1450 

m; | 2 on Efferia nr. sagax (Williston); vi- 

28-1975; E. M. Fisher. Magdalena, 25 km 

NW.; 1 2 on Efferia triton (Osten Sacken); 
vi-24-1981; E. M. Fisher. Morelos: Canon 

del Lobos, 3 mi W. Yautepec; 3 2 on Efferia 

anomala (Bellardi) & Efferia sp. #3 (anom- 
ala group); vil-12/13-1970; E. M. Fisher & 
P. Sullivan. Michoacan: Canas, 11 km SW.,; 

300 m; 1 2 on Efferia sp. #2 (albibarbis 
group); vi-29-1975; E. M. Fisher. Nayarit: 

Ixtlan del Rio, 7 mi. W.; 1 2 on Efferia 

Sagax; 1-1-1971; E. M. Fisher. Nuevo Leon: 

Huasteca Cyn. (in dry wash); 3000 ft.; 12 

2 on Efferia texana (Banks); vi-17/18-1982; 

R. L. Aalbu. Oaxaca: El Camaron, 20 mi. 

E.; 5 2 on Efferia nr. sagax; vii-21-1956; D. 

Linsdale. La Ceiba (8 km NW. Totolapan); 
1 2 on Efferia sp. #4 (anomala group); vi- 

28-1981; E. M. Fisher. Sinaloa: Rio Elota 

at Hwy. 15; 1 2 on Efferia triton; viii-10- 
1979; E. M. Fisher. Rio Piaxtla at Hwy. 15; 

1 2 on Efferia triton; vii-24-1971; E. M. 

Fisher. Tamaulipas: Cd. Victoria, 14 mi. S.; 

10 2 (type series on Efferia texana, see Type 

information). Cd. Victoria, 24 km S.; 500 

m; 6 2 on 3 specimens of Efferia nr. grandis 

(Hine); vi-23-1977; E. M. Fisher. UNITED 

STATES. Arizona: Chiricahua Mts. (South- 

western Research Sta., Cave Creek Cyn.); 

5350 ft.; 1 2 on Efferia willistoni (Hine); viii- 

18-1980; N. E. Woodley. Chiricahua Mts. 

(Cave Creek Cyn.); 1 2° on Efferia jubata 

(Williston) at black light; ix-20-1967; R. E. 
Silberglied. Cochise; 1 2 on Efferia willis- 
toni; vill-9-1962; J. Wilcox. Cochise 
Stronghold (12 mi. W. Pearce); 1 2 on Ef- 

feria albibarbis (Macquart); vili- 13-1971; J. 
D. Pinto. Douglas, 30 mi. E.; viii-22-1986; 
22 on Efferia similis (Williston); L. D. An- 
derson. Jhuse Cyn. (Cochise Co.); viii-11- 

1967; 1 gon Efferia similis, F. G. Andrews. 
Kofa Mts. (Palm Cyn.); 1 2 on Efferia im- 

perialis Forbes; vili-31-1982; E. M. Fisher. 

Portal (ca. 5—6000 ft.); 1 2 on Efferia similis: 

vii-30-1973; S. I. & S. L. Frommer. Santa 
Rita Mts. (Madera Cyn. at Santa Rita 

Lodge); 4880 ft.; 1 2 on Efferia willistoni at 
UV light; R. Beard. Maryland: Patuxent Re- 
search Sta. (Prince Georges Co.); | 2in Mal- 

aise trap; vil-27/vili-3-1986; D. Wahl. Tex- 

as: Ben Bolt, 8 mi. W. (La Copita Research 

Sta., Jim Wells Co.); 1 8; v-20-1987; J. B. 

Woolley. Center Point (Kerr Co.); 1 2: vi- 

19/25-1987; W. Wharton. 

Notes: Most of the Efferia cited above 
are in the collection of E. M. Fisher. A few 

are housed at the University of California, 

Riverside. 

Brachista fisheri, NEw SPECIES 

Differing from B. fidiae in same charac- 
ters as B. efferiae. Separated from the latter 

as follows: 
Female: Slightly darker. Antennal club 

with slightly longer setae, longest seta 1.32- 

1.60 length of C3. Fore wing with setae on 
membrane darker, longer, fore wing nar- 

rower and with longer fringe: 0.37—0.42 as 

wide as long; longest fringe setae 0.35-0.41 

maximum wing width (cf. Figs. 3, 4). Legs 

more robust, shorter; femora more distinct- 
ly inflated, width of hind femur at least 0.5 

its length (Figs. 8, 9). Ratio of ovipositor 
length to hind tibial length similar but both 
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structures slightly shorter in B. fisheri. Outer 

plate of ovipositor with a subangulate me- 

dial projection (Fig. 14). Gastral apodemes 

obsolescent, very thin, only attaining apex 

of segment VI. 
Male: Unknown. 
Diagnosis: The obsolescent gastral apo- 

demes, the narrow fore wing with more 

elongate fringe setae, and the more robust 
femora separate this species from conge- 

ners. 
Type information: Holotype 2. BRAZIL. 

Rondina; Fazenda Rancho Grande; 62 km 

S. Ariquemes; 165 m; 12/22 November 

1991; attached to a female of Efferia sp. #6 

(aestuans group); E. M. Fisher, collr.; in 

United States National Museum (USNM). 

Another female from the same Efferia, 
and seven females from a second female Ef- 

feria (data same as holotype except L. G. 

Bezark & D. E. Russell collrs.) designated 

as paratypes. These are deposited as follows: 

Canadian National Collection, Ottawa (1 on 

card); University of California, Riverside (3 

on slides, 3 on cards); Museo La Plata, La 

Plata, Argentina (1 on slide). 

Etymology: This species is named for Dr. 

Eric M. Fisher, the primary collector of pho- 

retic Brachista. 

Hosts: Unknown; phoretic on Efferia 

robberflies (see below). 

Geographic distribution: Ronderas, Bra- 
zil. 

Records: 9 2 from Ronderas, Brazil (see 

type information). 

Notes: The two Efferia cited above are 
in the collection of E. M. Fisher. 

Relationships. — Brachista efferiae and B. 

fisheri are most closely related. Similarities 

contrasting with B. fidiae include phoresy 
on Efferia robberflies, strongly decurved 
claws (clearly a derived feature), shortened 

Ovipositor, and shape and size of the outer 

plate of the ovipositor. The reduced gastral 

apodemes in B. fisheri is unique for the ge- 
nus and is presumably a reversal. 

Brachista efferiae and B. fideae appear to 

be sympatric throughout much of their range 
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from southern United States south to Cen- 
tral America. Both species were collected 

together at the Patuxent Research Station, 

Maryland; and 8 mi. W. Ben Bolt, Texas. 

Phoresy in Brachista. —The two new spe- 

cies, B. efferiae and B. fisheri, have been 

collected primarily from adults of Efferia 

robberflies and it is probable that eggs of 
these flies serve as hosts. B. fisheri is known 
only from 9 females—all collected from 

two Efferia females. Of the 96 specimens of 

B. efferiae known, 82, all females, were taken 
from 38 museum specimens of Efferia; 11 

females and | male were collected in yellow 

pan and Malaise traps; | male and | female 

were collected without indication. 

Females of Brachista efferiae were found 

on both male (23) and female (15) flies. Most 
flies (22) had only a single wasp attached; 7 

flies had 2, 4 flies had 3, 1 had 4, 1 had S, 
1 had 7, | had 10, and 1 had 12. Wasps 

were all positioned near the base of the hal- 

teres between the thorax and abdomen e1- 

ther on the anatergite or, less commonly, 

on epimeron-3 (Figs. 17, 18). This region 
appears to be well protected from removal 

or damage by objects in the environment and 

the asilid’s grooming behavior. Most wasps 
were directed with head toward the ventral 

or lateral aspect of the fly. They occurred 

on the right or left side of flies in almost 

equal frequency, and were attached to both 

sides of five of the 16 flies harboring more 

than one wasp. 

The position of the relatively few EF. fish- 
eri on flies differed from that of E. efferiae. 

Ten specimens, all females, were collected 

from two females of Efferia. Two were on 

one fly, 7 were on the second. Only one of 

these was positioned on the anatergite, the 
most common site of attachment for B. ef- 

feriae. The others were positioned almost 
equally on the posterior rim of the scutel- 

lum, and on the posterior surface of the 

postalar callus. B. efferiae was never found 

on these structures. 

All asilids harboring wasps were killed in 

cyanide and then pinned. The relatively 
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Figs. 17-19. Brachista efferiae attached to a specimen of Efferia nr. grandis (24 km S. Cd. Victoria, Ta- 

maulipas, Mexico). 17, 15 =, arrow pointing to Brachista at base of haltere (anterior end of asilid to left, dorsum 

at top); 18, same, 65 x, arrow pointing to hind tarsus enlarged further in Fig. 19; 19, 900 x, showing hind tarsus 

of Brachista on surface of Efferia (arrow pointing to decurved claw). 

constant position of the Brachista on these 

flies suggests that they moved little or not 

at all before death. 

It is assumed that the modified claws in 

B. fisheri and B. efferiae are somehow re- 
lated to phoretic behavior. The apical seg- 

ment of the tarsi of dead wasps are in con- 

tact with the tomentum-covered surface of 
the Efferia but it appears that primary con- 
tact is made with the arolium and not the 

claws. The strongly decurved nature of the 

claws removes them from the surface of the 
fly and may allow more intimate contact by 

the arolium (Fig. 19). 

Most aspects of the relationship between 

Brachista and Efferia are unknown. It is not 
clear where wasps encounter flies, if wasps 

on male flies switch to females during mat- 
ing (known to last several minutes in Efferia 

[Dennis et al., 1986]), or ifthe asilid actually 

is utilized as a host and not simply asa mode 
of dispersal. Thus far, only one species of 
trichogrammatid, Soikiella mongibelli 
Nowicki, has been recorded as a parasite of 

asilids (Velten and Pinto 1990). This species 

is not known to be phoretic, and is not close- 

ly related to Brachista. 
Brachista were found on approximately 

22 species of Efferia. These are assigned to 
five of the eight species groups recognized 

by Wilcox (1966). According to Dr. Eric 

Fisher (pers. comm.) all of these species 

probably oviposit in vegetation as opposed 

to soil. Collections indicate that wasps are 

found only on a small percentage (<5%) of 

the Efferia in the southwestern United States 

and Mexico. The 38 specimens harboring 
the Brachista for this study were among sev- 

eral hundred flies examined. 

Phoresy has been recorded in two other 

unrelated genera of Trichogrammatidae. 
Pseudoxenufens forsythi Yoshimoto (as 
Xenufens nr ruskini Girault) was collected 
in Ecuador from the hind wings of the nym- 
phalid Caligo eurilochus (Cramer) (Malo 

1961), and on the abdomen of the brassolid 

Opisphanes cassina Feld. (Yoshimoto 1976). 

This wasp is known to utilize C. eurilochus 

as a host (Malo 1961). A species of Oligo- 

sita, O. xiphidii Ferriere, was found on hind 
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wings on the orthopteran Conocephalus lon- 

gipenne (de Haan) in Sumatra and Java 

(Ferriere 1926). Another Oligosita, O. brev- 

icilia Girault, was similarly associated with 
Neoconocephalus sp. in Argentina (De San- 

tis and Cicchino 1992). Host associations 

between the species of Oligosita and the Or- 
thoptera were not established. 

There are two commonalities to examples 

of phoresy in the Trichogrammatidae: (1) 
only female wasps are recorded as phoretic, 

(2) wasps are found on both sexes of the 

carrier species. 
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NEPIONEMA, A NEMATINE SAWFLY GENUS NEW TO NORTH AMERICA, 
AND AN UNUSUAL NEW SPECIES OF NEMATUS 

(HYMENOPTERA: TENTHREDINIDAE) 

Davip R. SMITH 

Systematic Entomology Laboratory, PSI, Agricultural Research Service, U.S.D.A., % 

National Museum of Natural History, NHB 168, Washington, D.C. 20560. 

Abstract. — Nepionema is reported in North America for the first time, and the second 

species in the genus, N. appalachiana, n. sp., is described from specimens discovered in 

West Virginia. The genus was previously known by only a single species from the European 

Alps. Nematus radialis, n. sp., is described from Virginia and West Virginia. It represents 

the first species of Nematus to possess a radial crossvein in the forewing. This crossvein 

is present in the female but absent in the male. 

Key Words: 

Unexpected specimens of the genus Nepi- 

onema appeared in collections from the Ap- 

palachian Mountains of West Virginia. Nep- 

ionema was previously known from a single 

species, N. helvetica Benson, from eleva- 

tions of 6000 to 8500 feet in the Swiss Alps 

and later recorded from Italy (Pesarini and 

Pesarini 1988). Since the sawfly fauna of 

eastern North America has much more in 

common with the fauna of eastern Asia, I 

did not expect to find representatives of a 

genus from the high European Alps at this 

locality. Explanations may eventually be 

found, but currently I would have to attrib- 

ute this occurrence to a lack of collecting. 

This genus may be more widely distributed 

throughout the Palearctic and Nearctic 

regions than expected. The unusual Euro- 

pean species of Nepionema is not com- 

mon—not even discovered until 1960—and 

its unknown, apparently obscure, habits may 

preclude collections even by ardent collec- 

tors. The species from West Virginia was 
taken from within a dense deciduous forest 

early in the season, a place and time usually 

avoided by collectors because of lack of pro- 

Nematus, Nepionema, sawflies, Symphyta 

ductivity. Relatively few insects are seen fly- 

ing at that time of year in that habitat! 

A species of Nematus which has a radial 

crossvein in the forewing only in the female 

was found at study sites in Virginia and West 

Virginia. This difference between sexes has 

not been reported in sawflies, and this spe- 

cies is also described below. 

Nepionema Benson 

Nepionema Benson 1960: 173. Type spe- 

cies: Nepionema helvetica Benson. Orig- 

inal designation. 

Antenna more than 2 x head width. Eyes 

subparallel, lower interocular distance 1.5 x 

eye length; malar space shorter than breadth 

of 2nd antennal segment; clypeus truncate 

to slightly emarginate; outer surface of man- 

dibles dissimilar, left mandible markedly 
constricted near middle, mght mandible 

more regularly tapering to apex; interanten- 

nal area strongly produced; antennal hol- 

lows (between antennal sockets and inner 

orbits) deep. Thorax with suture dividing 

mesoprescutum medially, suture separating 
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posttergite of mesoscutellum, and suture 

separating epicnemium from mesepister- 

num faint to obsolete. Forewing (Fig. 1) with 
vein 2r-m absent; 2r present; Sc almost in- 

terstitial with origin of M from Sc +R, costa 

strongly swollen apically; basal stub of vein 

2A+3A straight. Hindtarsus almost as long 
as hindtibia; tibial spurs little longer than 

apical width of tibia; tarsal claws simple. 

Female with strong, well sclerotized ovi- 
positor, slightly shorter or longer than hind- 

tibia; cerci equal to or more than half or 

more length of sheath. 

The West Virginia specimens share all 

characteristics of Nepionema, a genus which 

is close to the North American Neopareoph- 

ora and keys to that genus in Ross 1937 and 

Goulet 1992. The absence of vein 2r-m in 

the forewing; obsolescent sutures dividing 

the mesoprescutum medially, separating the 

posttergite of the mesoscutellum, and sep- 

arating the epicnemium from the mesepi- 

sternum; and the long, well sclerotized fe- 

male ovipositor separate Nepionema from 

Neopareophora and place these specimens 

with the European Nepionema. 

Nepionema appalachiana Smith, 

New SPECIES 

(Figs. 1-3) 

Female.—Length, 5.0-6.0 mm. Black; 

mandible reddish brown; tegula whitish; 
apical tergum, cercus except for blackish 

apex, and base of sawsheath whitish: legs 

with basal 4 to 3 of coxae blackish, apically 

yellow orange, trochanters and femora yel- 

low orange, tibiae yellowish to white (whiter 

than femora), extreme apex of hindtibia and 

all tarsi black. Texture shining and im- 

punctate except for hind orbits and pro- 

notum which are somewhat more rugose 

than rest of head and body; pubescence on 

head and thorax about as long as diameter 

of an ocellus. Wings hyaline; veins black 

with costa and stigma brownish. Antennal 

length 2.25 x head width, subequal in length 

to costa of forewing to stigma; 3rd segment 

subequal in length to 4th segment. Malar 

space 1.5—2 x diameter of front ocellus; in- 

terantennal area strongly produced; inner 
margins of eyes subparallel, lower interocu- 

lar distance 1.4 x eye length; postocellar area 

4x broader than long. Suture separating ep- 

icnemium from mesepisternum faint, but 

epicnemial area shining and lacking hairs 

present on mesepisternum. Hindtibia 1.25 x 

length of hindtarsus. Cercus tapering to apex, 

as long as sheath. Hindwing with length of 

petiole of anal cell 3 x greatest width of cell. 

Sheath as in Fig. 2; in dorsal view broad 

but tapering to slender apex. Lancet strongly 

sclerotized, with annular armature on dor- 

sal portions of annuli 4-12; length 0.8 x 

length of hindtibia (Fig. 3). 

Male. — Unknown. 

Holotype.—Female, labeled “West Vir- 

ginia: Tucker Co., Fernow Exp. Forest, 
39°03'N, 79°40'W, 8-19-IV-92, E. M. Bar- 
rows,” “Malaise trap #4-4.”’ The elevation 

of this site is about 2300-2500’. In the Na- 

tional Museum of Natural History, Wash- 

ington, D.C. 

Paratype.—Same data as holotype except 

from Malaise trap #7-1 (1 female). Depos- 

ited with the holotype. 

Discussion.—Specimens were collected 

from traps in two watersheds (4 and 7) in 

the Fernow Experimental Forest in the Mo- 

nongahela National Forest, about three 

miles south of Parsons, West Virginia. The 

traps were placed within a forest dominated 

by oaks and intermixed primarily with 

beech, sweet birch, maple, yellow poplar, 

black cherry, pin cherry, white ash, bass- 

wood, rhododendron, and black locust 

(Anonymous 1987). Trap 4-4 was located 

20 m up the north slope from the creek 

bottom of watershed 4, and trap 7-1 was 

located approximately 40 m up the south 

slope from the creek bottom of watershed 

7. The slopes are approximately 20 to 30°. 

April 8-19 is the earliest collection period 

at this site. Trees and shrubs leaf out later 
in the spring, and the area is essentially bar- 

ren except for some spring ephemerals such 

as early violets and triliums. The strong 
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Figs. 1-7. 1-3, Nepionema appalachiana. 1, Forewing, apical section. 2, Female sheath, lateral and dorsal 

views. 3, Female lancet. 4-6, Nematus radialis. 4, Female sheath, lateral and dorsal views. 5, Female lancet. 6, 

Male genitalia, ventral view of genital capsule on left, lateral view of penis valve on right. 7, Tarsal claw. 

Ovipositor indicates that this species prob- are probably not available at that time of 

ably oviposits into twigs or developing buds __ year. 
of its host, at least some plant tissue that is The female ovipositor 1s remarkably sim- 

much tougher than succulent leaves which ilar to N. helvetica but has fewer annular 
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spines. Nepionema helvetica has short an- 
nular spines on the full lengths of annuli 4— 
16. The general shape and direction of the 

annuli are also different (compare Fig. 3 with 

Fig. 3 of Benson 1960). In coloration, N. 

helvetica has the femora black with only api- 
ces brownish yellow and some white on the 

tarsi. 

Nematus radialis Smith, New SPECIES 

(Figs. 4-7) 

Female.— Length, 6.0-7.0 mm. Antenna 

and head black with clypeus, labrum and 

mouthparts white and apex of mandible 

reddish; thorax with cervical sclerites, an- 
terior margin of pronotum, mesonotum ex- 

cept for small reddish spot on posterior 

portion of lateral lobes, metanotum, mes- 

epimeron, and metepimeron black, most 

of pronotum, perapteron, and tegula white, 

mesepisternum, epicnemium, and meso- 

sternum orange; abdomen black above ex- 

cept for white apical tergum, white laterally 

and below, sheath brownish; legs mostly 
whitish to pale orange with apex and apical 

¥; to 2 of inner surface of hindtibia and 

hindtarsus black, femur and base of hind- 

coxa more pale orange than whitish, fore- 

and midcoxae, apex of hindcoxa and tibiae, 

fore- and midtarsi blackish. Wings hyaline; 

veins black with costa, subcosta, and dorsal 

half of stigma brownish. Texture shining, 
with slightly more roughened areas on outer 

orbits, interantennal area, supraclypeal area, 

and inner orbits; abdomen with fine trans- 

verse microsculpture. Antenna with Ist seg- 

ment about as long as broad, 2nd segment 
broader than long; 3rd segment shorter than 

(0.7 x) 4th segment; antennal length 3 x head 

width. Clypeus shallowly, circularly emar- 

ginated; malar space a little broader than 

diameter of front ocellus; outer surface of 
each mandible, viewed from the side, mark- 

edly constricted near middle; postocellar 

area 3x broader than long; inner margins 

of eyes parallel, not converging below, lower 

interocular distance 1.2 x eye length; inter- 
antennal area protuberant. Tarsal claw with 
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short inner tooth, about half length of outer 
tooth and situated near center of claw (Fig. 

7); length of hindbasitarsus subequal to 

length of 3 following tarsal segments com- 
bined. Forewing with vein 2r present (as in 

Fig. 1); costa not swollen apically. Sheath 

rounded in lateral view; slender in dorsal 

view (Fig. 4); cerci about half length of 

sheath. Lancet short, triangular, ventral 

margin with fine serrations, without distinct 

serrulae (Fig. 5). 

Male.—Length, 5.5 mm. Color similar to 

female except margins of mesepisternum 

and mesosternum black, hindtibia entirely 

pale orange, and abdomen black laterally as 

well as dorsally with sterna white. Structural 

features as for female, except forewing lack- 

ing crossvein 2r. Eighth tergite without 

prominent procidentia. Genitalia as in Fig. 

6; penis valve with spine of lateral flap dor- 

sal. 

Holotype.—Female, labeled ““West Vir- 

ginia: Tucker Co., Fernow Exp. Forest, 

39°03’N, 79°40'W, 10-19-V-1992, E. M. 
Barrows,” “Malaise trap #4-4.”” In the Na- 

tional Museum of Natural History, Wash- 

ington, D.C. 

Paratypes.— VIRGINIA: Clarke Co., 

University of Virginia Blandy Experimental 
Farm, 2 mi. S. Boyce, 10-21-V-1991, Mal- 

aise trap #3, D. R. Smith (1 female, | male); 
same data except 14-24-V-1990, trap #9 (1 

male). WEST VIRGINIA: Same data as ho- 

lotype (1 female); same data as holotype 

except trap #4-5 (1 female); 20-29-V-1992, 

trap #4-5 (1 female), trap #1-1 (1 female); 

30-IV-9-V-1992, trap #4-1 (1 female); 11- 
20-V-1991, trap #13-1 (1 female), trap #4-4 

(1 female), trap #4-5 (2 females), trap #4-7 

(1 female), trap #4-6 (1 male). Deposited 

with the holotype. 

Discussion.—The radial crossvein is 

present in the female but not in the male. 

It is not too unusual to find differences in 
wing venation between sexes, as it is es- 

pecially common in some genera that males 

have a peripheral vein in the hindwing and 

females do not. The presence or absence of 
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the radial crossvein of the forewing between 

sexes, however, is the first instance known 

to me in sawflies. Because of the presence 

of the radial crossvein and an inner tooth 

on the tarsal claws, females would key to 

Adelomos in couplet 11 of Ross’ 1937 key 

and in couplet 22 of Goulet’s 1992 key. The 
males, however, because of the relatively 

short inner tooth of the tarsal claw, would 

most likely key to Pachynematus in couplet 

32 of Ross’ key and couplet 31 of Goulet’s 
key. In Benson’s (1958) key to British spe- 

cies, the female would key to Dineura, and 

the male to Pachynematus. If the tarsal claws 

were considered to have a longer inner tooth, 

the males would key to Nematus in all keys. 

Except for the crossvein and relatively short 

inner tooth of the tarsal claw, both sexes 

share all other characters with species of the 

Nematus ribesii group, which I separated in 

the 1979 Hymenoptera Catalog, mostly 

characterized by the short sheath and very 

short, triangular ovipositor. The male gen- 

italia are also similar to those of the ribesii 

group. I believe this species is best placed 

in Nematus, and the genus will have to be 

redefined by having one or more species 
with a radial crossvein in the forewing of 

the female, and a shorter inner tooth on the 

tarsal claw than most species. 

Differences of this species from the fol- 

lowing genera preclude its placement in 

them. Dineura has a long inner tooth on the 

tarsal claw; cerci longer than the sheath; a 

strongly sclerotized, long ovipositor; costa 
of forewing dilated; and mandibles evenly 

tapering in lateral view. Adelomos has, 

though apparently variable, a radial cross- 

vein in the hindwing; a short ovipositor; 
and a long inner tooth on the tarsal claw. 

Pachynematus has the clypeus more shal- 

lowly emarginated; most species have a long, 

well sclerotized ovipositor (except a few as- 

sociated with conifers in the Palearctic Re- 
gion); the male penis valve of most species 

has a long tooth which is ventral to the lat- 

eral flap; the eighth tergite of the male usu- 

ally has a carina-like procidentia or a long 
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produced one; the tarsal claws have a very 

short inner tooth, much shorter than N. ra- 

dialis, and the seta-bearing pits of the head 

are usually raised above the surface. 

The short lancet with the absence of dis- 
tinct serrulae differentiate N. radialis from 

all other species of the ribesii group. 

For description of the habitat, see dis- 

cussion of Nepionema appalachiana. The 

specimens from Virginia were collected from 

traps set within an 85-year-old forest com- 

posed primarily of oak, hickory, and elm. 

Thus, collections from both sites were from 

within forests. 
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Abstract. —The larva of Lagium atroviolaceum (Norton) is described and illustrated and 

separated from other genera of North American Tenthredininae. Lagium is a monotypic 

genus, and the larva possesses several unique features, including rows of tubercles present 

on each annulet of the body, that support the validity of the genus and maintain its close 

affinity with the East Asian genus Lagidina. 

Key Words: 

The subfamily Tenthredininae is the sec- 

ond largest subfamily of Tenthredinidae in 

North America. The larvae, however, have 

received little attention, and very few have 

been described, probably due to difficulty 

in rearing and because few feed on econom- 

ically important plants. Larvae of most 

genera of the subfamily have not been ad- 

equately defined because specimens repre- 

sentative of many groups are lacking. The 

larva of Lagium atroviolaceum (Norton) has 
several unique characteristics not present in 

other known Tenthredininae, and it shares 

some of these characteristics with Lagidina, 
a genus that occurs in eastern Asia. 

Lagium atroviolaceum is the only species 

in Lagium (Smith 1986). The only infor- 

mation on the larva is the description by 

Dyar (1897), who briefly described it under 

the name “Tenthredo atroviolacea Norton, 
var. peratra, var. nov.” and stated that it 

was “feeding on the elder.”’ A reared adult, 
the holotype of peratra labeled ““7W,” is 

in the National Museum of Natural History, 

Washington, D.C. (Smith 1987). Since that 

time, the larva has not been collected or 

treated in the literature. Yuasa (1922) did 

not mention the larva of this species. The 

Elderberry, Lagidina, Lagium, larva, Sambucus, sawfly 

larva, however, 1s so unique that even Dyar’s 

brief characterization is adequate to recog- 

nize it. 

During the past several years, I collected 

some larvae feeding on Sambucus canaden- 

sis L. (Caprifoliaceae) that belong to the 
Tenthredininae but are unlike other ten- 
thredinine larvae. They were collected in 
habitats where adults of L. atroviolaceum 
were numerous earlier in the spring and ear- 

ly summer, and they agree exactly with 

Dyar’s description. These are described in 

more detail below and separated from re- 

lated genera of Tenthredininae. 

Lagium atroviolaceum (Norton) 

(Figs. 1-8) 

Dyar’s (1897) description. —*‘The larva is 

a very curious one. For a Tenthridinid re- 

markably specialized, having reached the 

stage of some Noctuid Lepidoptera (e.g. 

Pseudoglossa lubricalis or Cucullia artemi- 
side). 

Looks a little flattened, but thick and ro- 
bust. Feet on joints 6 to 13. Head round, 

dull black; width 1.4 mm. Body segments 

7-annulate, the whole body soft dark gray, 
the ground color uniform. A series of short 
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Figs. 1-8. 

segment, dorsal view. 4, Head, front view (hairs and coloration not shown). 5, Maxilla. 6, Labium. 7, Right 

mandible, ventral view. 8, Left mandible, ventral view. 

thick papillae, one on each annulet in sub- 

dorsal and lateral even regular rows, and 

other smaller ones scattered subventrally. 

First row (subdorsal), which is the shorter, 

has the papilla on annulet | orange, 2-4 

black, 5-6 orange, 7th black; second row 

(lateral) which is larger, has Ist to 4th or- 

ange, 5th to 7th black; two behind the spi- 

racle and two subventrally posteriorly pale 

orange; two groups of six to eight very small 

ones on the upper and lower subventral folds 

whitish. Sides with a number of small black 

spots. On thorax there are less of the pa- 

pillae, but the alternation in color is similar. 

Anal plate not differentiated. 

Lagium atroviolaceum, larva. 1, Head and thorax. 2, Third abdominal segment. 3, 10th abdominal 

Ultimate stage. —Smooth, very shiny, en- 

tirely dark slate blue black, papillae indi- 

cated by very small concolorous points. 

Thoracic feet pale. Enters the earth at once 

to form a moderately firm hibernating cell. 

Sent me by Mrs. Slosson from Franconia, 

N.H., feeding on the elder.” 
Larva (late feeding stage).—Length, 25- 

30 mm. Head black on dorsum and on sides 

to below level of eye, white on frons and 
below eye; mandible dark brown. Body 

rather uniformly grayish green when alive, 
mottled with small dark blackish spots; spi- 

racle wings dark brown; dark brown spot on 

apex of each proleg. Following tubercles dark 
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brown: first subdorsal row with large mul- 

tispined tubercles on anterior annulets of 

meso- and metathorax; 2nd to 4th conical 

tubercles of mesothorax, 4th and 7th of 

metathorax, and 2nd, 4th, and 7th of each 

abdominal segment; second subdorsal row 

with conical tubercle 6 of mesothorax, Ist, 

6th and 7th of metathorax, and Sth—7th of 

each abdominal segment; and_ bifurcate 

spines on 10th tergum. 

Head in front view slightly indented dor- 
so-laterally (Fig. 4); texture dull, with gran- 

ular appearance; abundant short hairs and 

about 25-30 on frons; hairs stout, length of 

most .35 x or less eye length with 8-10 hairs 
on frons and 10 or more near base of man- 

dible and posterior to antenna 2-3 x longer 

than other hairs and about equal to eye 

length. Antenna conical, 5-segmented. 

Clypeus vaguely divided at center into post- 

and preclypeus with 2 setae on each side of 

postclypeus; labrum with 3 setae on each 

side; mandible with 2 setae on outer surface. 

Labrum symmetrical; epipharynx with 10- 

15 stout spines on each half. Maxillary pal- 

pus (Fig. 5) 4-segmented: second segment 

with | seta; palpifer with 3-4 setae; stipes 

with | seta; lacinia with 14-16 stout spines. 

Labial palpus (Fig. 6) 3-segmented; 2nd seg- 

ment with 2 setae; submentum with 3 setae 
on each side. Left mandible (Fig. 8) with 4 

large apical teeth, 2 teeth on ventral ridge, 

and mesal ridge with | large tooth at center; 

right mandible (Fig. 7) with 2 large apical 

teeth, ventral ridge with large truncate tooth, 

mesal ridge with | tooth, and dorsal ridge 
with large truncate tooth. 

Body with two subdorsal rows of large, 

conical tubercles on each side, smaller tu- 
bercles on annulets and lobes on side of 

body; smaller tubercles each with minute 

papilla arising from apex; numerous minute 

tubercles covering integument. Thorax with 

tubercles arranged similar to Fig. 1. Pro- 

thorax with 3 apparent dorsal annulets; me- 

sothorax with 6 dorsal annulets; metathorax 

with 7 dorsal annulets. Large, multispined 

tubercles on first subdorsal row on first an- 
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nulets of meso- and metathorax. Thoracic 

legs 5-segmented; tibiae with 15-20 setae, 

tibiae slightly shorter than femora. Abdom- 

inal segments 1-8 each with 7 dorsal an- 

nulets (3rd segment as in Fig. 2); first post- 

spiracular area with 5 or 6 small tubercles; 

second postspiracular lobe with 2-3 large 

and 6-8 small tubercles; subspiracular lobe 

with 6-8 small tubercles; surpedal lobe with 

8-12 small tubercles. Tenth tergum (Fig. 3) 

with two large bifurcate spines at center: 

apex and dorsum with many smaller tuber- 

cles. Prolegs on abdominal segments 2-8 and 

10, without setae or tubercles; apices of pro- 

legs dark brownish with minute darker 

brown tubercles giving area a roughened ap- 

pearance. 

Specimens.— Described from larvae col- 

lected on Sambucus canadensis, at two sites 
in Virginia: Louisa Co., 4 mi. S Cuckoo, 
VITI-22-1989, [X-12-1989: Essex Co., | mi. 

SE Dunnsville, VII-14-1992. In the Na- 

tional Museum of Natural History, Wash- 

ington, D.C. 

Relationships with North American Ten- 

thredininae. — The larva will key to the Ten- 

thredininae in Smith and Middlekauff 

(1987). The subfamily is characterized and 

separated from other subfamilies by the 
presence of prolegs on abdominal segments 

2-8 and 10; 7 dorsal annulets on abdominal 

segments 1-8; left mandible with 3-4 lateral 

teeth and one mesal ridge; and tibiae with 

13-18 setae. 

Lagium is separated from other tenthre- 

dinine genera by the presence of the two 

subdorsal rows of large conical tubercles on 

each side of the body, with tubercles present 

on each annulet of each segment; large mul- 

tispined spines on the thorax; large bifurcate 

spines of the tenth tergum; and two setae 
on the outer surface of each mandible. Be- 
cause adequate samples of larvae are not 

available for other genera, a key to genera 

is not yet possible. I have not, however, seen 

other tenthredinine larvae with ornamen- 

tation similar to L. atroviolaceum. Larvae 
of most other genera have tubercles and/or 
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setae only on certain annulets of each ab- 

dominal segment (commonly on annulets 

2,4, and 7 or on 2 and 4), and Ag/aostigma 

larvae have one seta on the outer surface of 

the mandible. Lorenz and Kraus (1957) gave 

a key to tenthredinine genera of Europe, but 
Lagium is not similar to any of the genera 

they treated. 

Relationships with Lagidina. —Species of 

Lagidina, all of which occur in eastern Asia, 
are similar to Lagium, and some of the spe- 

cies now placed in that genus were described 

in Lagium. Smith (1986) cited some of the 

similarities and differences in adults. The 

larvae of two species of Lagidina were de- 

scribed by Okutani (1963), L. irritans 

(Smith) which feeds on Glechoma hedera- 

ceae L., and L. platycerus (Marlatt) which 

feeds on Viola spp. Lagium atroviolaceum 

has similarities with Okutani’s descriptions 

of Lagidina in that the setal patterns of most 

of the mouthparts are the same, there are 
many small “warts” on each annulet, the 

tenth tergum has two large spinelike warts 
centrally, and those species also possess large 

tubercles on each annulet on the dorsum of 

the body. In Lagidina, however, the head 

of one species has a pair of “lumps” on the 

frontal area, there is apparently only a single 

row of tubercles on each side of the body, 

the stipes and palpifer of the maxilla have 
more setae, and there are some other dif- 

ferences such as the size, shape, and position 

of the tubercles. Based on larvae and adults, 
Lagium and Lagidina are much more sim- 

ilar to each other than to other tenthredi- 

nine genera. I believe the larval character- 

istics of Lagium support its status as a genus 
and support its close relationship with Lag- 

idina. The larvae of both genera are unique 
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in the Tenthredininae, and the two un- 

doubtedly belong to the same lineage within 

the subfamily. 
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EGG PARASITOIDS OF THE CORN LEAFHOPPER, 
DALBULUS MAIDIS (DELONG AND WOLCOTT) 

(HOMOPTERA: CICADELLIDAE) IN NICARAGUAN MAIZE 

SARAH M. GLADSTONE, ALBA DE LA LLANA, RAQUEL RIOS, 

AND LISSETTE LOPEZ 

Escuela de Sanidad Vegetal, Universidad Nacional Agraria, Managua, Nicaragua. 

Abstract.—Two species of parasitoids were reared from eggs of the corn leafhopper, 

Dalbulus maidis (DeLong and Wolcott), collected in experimental maize plots in the 

Department of Managua, Nicaragua. Anagrus sp. (Hymenoptera: Mymaridae) and Par- 

acentrobia sp. (Hymenoptera: Trichogrammatidae) were identified from individually reared 
eggs in approximately equal numbers. Peak emergence of Anagrus sp. occurred seven days 

after peak emergence of Paracentrobia sp. The combined rate of parasitism was 77% when 

host egg density reached its maximum at 22 days after plant emergence (DAE) and 93% 

by 36 DAE when egg densities had declined. 

Key Words: Egg parasitoids, corn leafhopper, Da/bulus maidus, Cicadellidae, Anagrus, 

Paracentrobia, Trichogrammatidae 

As a plant pathogen vector, Dalbulus 

maidis (DeLong and Wolcott) (Homoptera: 

Cicadellidae) causes severe yield losses in 

maize (Zea mays L.) grown in some eco- 

logical zones of Central America, México 
and the Caribbean. Populations of D. mai- 

dis can reach densities of up to 30 individ- 

uals per maize plant in the latter part of the 

rainy season between September and No- 

vember (personal observation). 

Because maize 1s grown chiefly by re- 

source-poor farmers, research efforts on the 

management of D. maidis and the patho- 
gens it vectors have focused on inexpensive 

methods such as resistant maize varieties 

(Urbina 1982), cultural methods including 

varietal mixtures (Power 1987) and planting 

densities and weed management (Power 

1989, Sediles 1989), microbial control (Qui- 

roz 1991), rationalization of insecticide use 

(Gomez 1989) and parasitoids and preda- 

tors (Perfecto 1989, Vega and Barbosa 1990, 

Vega et al. 1991, Quezada 1979). The nat- 

ural enemies known to affect adults and 

nymphs of D. maidis as reviewed by Vega 

and Barbosa (1990) include predators such 

as spiders, coccinellids and ants, two species 

of entomopathogenic fungi and two species 
of parasitoids. To date, the mortality factors 

of the egg stage of this important pest have 

not been studied. 

A search for egg parasitoids of D. maidis 
was conducted in the Centro Nacional de 

Investigacion de Granos Basicos ‘““Hum- 

berto Tapia Barquero,” Department of Ma- 

nagua, Nicaragua in maize grown in the rainy 

season of 1989. The study site is at 60 me- 

ters above sea level, a seasonal deciduous 

forest zone now converted to the production 

of basic grains and cattle ranching. The area 

has a five to six month dry season and an 
average of 1200 mm of rainfall from May 

through November. 

MATERIALS AND METHODS 

We examined eggs collected from four ex- 

perimental plots of each of three maize va- 

rieties (NB-6, NB-12, and H-5). A total of 
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Fig. 1. 

Department of Managua, Nicaragua, 1989. 

690 eggs were collected in weekly samples 

for six weeks in August and September of 

1989. Collections were made from 10 seed- 

lings in each of the 12 plots at 10 and 15 

days after plant emergence (DAE). At 22, 

29, 36 and 43 DAE collections were made 

from the third unfurled leaf below the whorl 

on 10 plants in each of the 12 plots. The 

density of D. maidis eggs per m° of leaf was 
calculated using a leaf area meter. 

On examination with a microscope, mi- 

crofilaments were seen on many of the eggs 

which later yielded parasitoids. All species 

of Dalbulus have microfilaments extending 

from the egg (Heady and Nault 1984) but 

no other species in this genus have been 

recorded from Nicaragua (Power 1987). 

Other leafhopper genera also produce mi- 

crofilaments (Heady and Nault 1984) but 

an extensive study of leafhoppers in Nica- 

raguan maize (Saenz 1971) showed that 

100% were D. maidis. Given these studies 
and the fact that only Cicadellid nymphs 

emerged from the unparasitized eggs, we 

conclude that the eggs studied were D. mai- 

dis. 

Emergence of Anagrus sp. and Paracentrobia sp. trom Dalbulus maidis eggs collected in maize, 

Eggs were located with a light box, excised 

from the leaf with a sharp pin, sterilized 

with 3% sodium hypochlorite for two min- 

utes, rinsed with sterile water and placed 

individually in small glass vials. The vials 

were capped with rubber stoppers or corks 

and a small filter pack wick under the stop- 

per was used to introduce sterile water to 

the vial to prevent the egg from desiccating. 

The eggs were maintained in an air-condi- 

tioned laboratory at approximately 24-25 

C. with natural day-length. Slightly more 

than 50% of the eggs reared in this manner 

eclosed or produced parasitoids. Mortality 

of the rest was caused principally by fungal 

contamination or by desiccation, both con- 

sidered to be a function of the rearing con- 

ditions. 
Samples of the parasitoids were identified 

at the Systematic Entomology Laboratory, 

Plant Sciences Institute, USDA, U.S.A. and 

at the Bee Research Laboratory, Plant Sci- 
ences Institute, USDA, U.S.A. Represen- 

tative specimens were deposited in the 

United States National Collection and 
voucher specimens were placed in the Co- 
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Fig. 2. Phenology of combined parasitism rate and host egg density for Dalbulus maidis and the egg parasitoids 

Anagrus sp. and Paracentrobia sp. in maize, Department of Managua, Nicaragua, 1989. Closed diamonds 

represent % parasitism and open squares represent egg density. 

leccion Nacional de Nicaragua, Centro Na- 

cional de Proteccion Vegetal, Ministerio de 

Agricultura, Managua. 

RESULTS AND DISCUSSION 

Two species of parasitoids, Anagrus sp. 

(Hymenoptera: Mymaridae) and Paracen- 

trobia sp. (Hymenoptera: Trichogrammati- 

dae), were reared from D. maidis eggs in 

approximately equal numbers (Fig. 1). Both 

species emerged from eggs collected early in 

the maize cycle (10 DAE) and continued to 

emerge from eggs collected on the last date 
(43 DAE). Paracentrobia sp. parasitism was 

greatest in eggs collected at 29 DAE, seven 

days earlier than the maximum recorded for 

Anagrus sp. (Fig. 1). 

This study provides some evidence re- 

futing an hypothesis expressed by Heady 

and Nault (1984) that the microfilaments of 

leafhopper eggs may function to prevent 

parasitism. Some parasitized eggs produced 
microfilaments after they were collected 

from the field. Microfilaments form 48-72 
hours after oviposition (Heady and Nault 

1984) and this window is sufficient for the 

female parasite to locate and oviposit in the 

egg. The presence of microfilaments did not 

appear to interfere with the parasite devel- 

opment. 
The combined rate of parasitism was 77% 

when host egg density reached its maximum 

at 22 DAE and 93% by 36 DAE when egg 

densities had declined (Fig. 2). We found 

the high rate and rapid increase of parasit- 

ism early in the maize cycle to be encour- 
aging even though it was observed at den- 

sities of D. maidis that were well above the 

currently used economic injury levels of 1- 

2 insects per plant. Studies of parasitism in 

sparse populations of D. maidis would help 

determine the potential impact that con- 

serving the parasitoids would have on the 

control of this pest. 
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THE LARVA OF NEOPETALIA PUNCTATA AND ESTABLISHMENT OF 
AUSTROPETALIIDAE FAM. NOV. (ODONATA) 

F. L. CARLE! AND J. A. LOUTON 

(FLC) Department of Entomology and Economic Zoology, Cook College, New Jersey 

Agricultural Experiment Station, Rutgers University, New Brunswick, New Jersey 08903; 

(JAL) Department of Entomology, National Museum of Natural History, MRC 165 Smith- 

sonian Institution, Washington, D.C. 20560. 

Abstract.—The larva of Neopetalia punctata is described and the Neopetalidae trans- 

ferred to the Libelluloidea (sensu Carle 1986). The Austropetaliidae fam. nov. (type genus: 

Austropetalia Tillyard) is established for the remaining species formerly placed in Neo- 

petaliidae, and Austropetaliidae fam. nov. placed within the Aeshnoidea (sensu Carle 

1986). Keys to the superfamilies and families of Anisopteran adults and larvae are pro- 

vided, and comments on biology and distribution are included. 

Key Words: 

luloidea 

While undertaking phylogenetic studies 

of the Anisoptera, the senior author became 

intrigued by several enigmatic characteris- 

tics attributed to the rare Neopetalia punc- 

tata Selys. Adults were obtained from Carl 

Cook and the National Museum of Natural 

History, and study of these not only verified 
the unique splash plate and reduced ovi- 

positor of the female, but revealed short but 

well-developed male tibial keels on all legs, 

chlorogomphid-like antefrons and clypeus, 

a cordulegastrid-like penis, and hamuli ofa 

unique form. Although the wing spots, 

oblique pterostigmal brace, and general ar- 

chaic morphology (e.g. compound eyes 

meeting at a point), suggested a close affinity 

with Phyllopetalia and its relatives, several 
additional characteristics seemed to suggest 

that its current placement was problematic. 

These included presence of a wide anal loop, 

configuration of the middorsal mesothorac- 

' Mailing Address: 146 Mountain View Road, War- 

ren, New Jersey 07059. 

Odonata, Austropetaliidae, new family, Neopetaliidae, Aeshnoidea, Libel- 

ic carinae, flattened elongate male cerci, 
pointed male epiproct, and extensive hair- 

iness of the thorax and abdomen. 

During reorganization of unsorted Odo- 

nata larvae at the National Museum of Nat- 

ural History, the junior author discovered 

a peculiar cordulegastrid-like larva with 
parallel wing pads and short terminalia. 

Further examination revealed a cordulegas- 

trid-like labium except that there were only 

vestigial mental setae and only two small 

palpal setae. The specimen was in an un- 

labeled lot with several final instar Phyllo- 

petalia larvae (known only from eastern 

Australia and southwestern South Ameri- 
ca). Because Cordulegastridae are not known 

to occur in the southern hemisphere a care- 
ful search was undertaken of all unbroken 

lots of Chilean larvae. Fortunately, a second 

cordulegastrid-like larva was found in a la- 

beled lot of Phyllopetalia larvae from Dal- 

cahue, Chile. These specimens were brought 

to the attention of the senior author and 

careful study revealed a large pointed epi- 
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Larva of Neopetalia punctata: (a) dorsal view of larva,—(b) dorsal view of ligula and left labial palp, — 

(c) ventral view of female sternum 9; scale bars equal 1mm. 

proctal process, three cubital-anal cross- 

veins, bridge crossvein near subnodus; 

oblique pterostigmal brace, and a well-de- 

veloped anal loop, all reminiscent of the 

condition in adult Neopetalia. Known lo- 
calities for Neopetalia were compiled and 

an expedition to Chile planned to collect 

and rear the unknown larva. During a one- 

month expedition several individuals of the 

unknown larvae were collected throughout 

central Chile from the Andes west of San- 
tiago south to Chiloe Island. One of the lar- 
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vae was successfully reared and proved to 

be that of Neopetalia punctata. 

The close relationship between Neope- 

talia and Cordulegaster was first recognized 

by Selys (1854) who placed Petalia (now 

Neopetalia) and Thecaphora (now Zoraena) 

with Cordulegaster in his legion Cordule- 

gaster. Chlorogomphus was recognized as 

the only genus in the legion Chlorogomphus, 
however, it was placed near the legion Cor- 

dulegaster. The establishment of the sub- 

genus Phyllopetalia (Selys 1857) within Pe- 

talia for two newly discovered Chilean 
aeshnoid species represented the first of 

many misplacements which would continue 
to the present day. Surprisingly, discovery 

of the female of Petalia (Selys 1869) or the 

female of Phyllopetalia (Selys 1878) did not 

precipitate taxonomic revision. The group 
was first reported from Australia by Tillyard 
(1906) with the discovery of “Petalia apollo 

Selys” from the Blue Mountains of New 

South Wales. This species was later rede- 

scribed as Phyllopetalia patricia Tillyard 

(1909) with the discovery of its larva leading 

to the following conclusion: “The conse- 

quent conviction that Phyllopetalia was a 

true Aeschnine genus 1s, I trust, happily vin- 

dicated by the present paper, on the evi- 

dence of this truly remarkable nymphal 
form.” Unfortunately, Tillyard’s conclu- 

sions were extended to include the entire 

*Petalia-group of genera.” 

DESCRIPTION OF THE LARVA OF 

Neopetalia punctata (Selys) 

Fig. | 

Larval material.—Chile: Chiloe Prov- 

ince; Dalcahue, 2 3, seepage areas along mill 
stream, 21&22-X-69, O. S. Flint Jr.; Dal- 

cahue, 11 6, 13 2, seepage area south of mill 

stream, 16&17-XII-92, F. L. Carle, A. 

Ugarte, and L. E. Pena; Ahoni, 13 4, 8 8, 
seepage streams ca. 0.5 km south of main 

road, 20-XII-92, F. L. Carle and A. Ugar- 

te; — Osorno Province; Aguas Calientes, 3 4, 

2 2, small seepage stream southwest of 
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camping area, 26-28-XII-92, F. L. Carle, A. 

Ugarte, and L. E. Pena;—Curico Province; 

Quebrada Honda “El Coigo,” 2 4, spring 

seep on south side of Est. Potrero Grande, 

3-I-93, F. L. Carle and A. Ugarte;—Santi- 

ago; Farellones, | 4, small seepage stream 

along south side of R. Molina, 5-I-93, F. L. 

Carle. 

Measurements.— Total length 35.0-38.0 

mm, abdominal length 23.0-24.5 mm, ab- 

dominal width 8.0-8.5 mm, wing pads 7.0— 

7.5 mm, profemora 4.2-4.4 mm, mesofe- 

mora 5.0—5.2 mm, metafemora 6.0-6.2 mm, 

epiproct 2.0 mm, paraprocts 2.2 mm, cerci 

1.1 mm. 

Head.—Antefrons inflated, shelf margin 

rounded, dorsal surface with medial gla- 

brous area and lateral setal patches of stout 

setae, setae longer anteromedially; lateral 

ocellar mounds covered with tuft of thin 

setae; posterior portion of head with lateral 

and six longitudinal lines of bristlelike setae; 

antennae with short stiff setae, antennae 

6-segmented, third segment 2.2 times length 

of second segment; labrum and anteclypeus 

concealed by retracted labium, clypeal sulci 

with fringe of hairlike setae which seal dor- 

sal edge of labial palps; ligula with glossal 

and paraglossal lobes, glossae represented 

by two large robust teeth with apices di- 

rected laterally and medially separated by a 

wide cleft, paraglossae each represented by 

low row of 4-5 small semifused denticles; 

ligular margin from paraglossae to base of 

palpi with fringe of fine short hair setae: 

prementum elongate, ca. 3 times as long as 

basal width; prementum with ventral and 

dorsolateral setae, but without dorsolateral 

row of stout setae; premental raptorial setae 

vestigial, with only 1-3 per side; labial palpi 

without dorsomedial raptorial setae, but ex- 

ternal lateral setae longer anteriorly with 

longest setae isolated apically near base of 

end hook; end hook robust, longer than lat- 

eral margin of palpi; medial margin of palpi 

somewhat bilobate with 5—6 irregular teeth, 
3 teeth of the upper lobe larger and sharp 

pointed, teeth of the lower lobe smaller, in- 
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clined inward, and with ventral tooth 

rounded apically; edges of large irregular 

teeth with minute crenulations; inner mar- 
gin of palpi with ca. 30 small crenulations, 

these larger and denticlelike medially. 

Thorax. —Epaulettes ca. 1.7 times as long 

as wide at midlength, separated from an- 

terior margin of pronotum by wide notch, 

and with dorsal cluster of long hair setae: 

mesonotum with robust conical spine at base 

of spiracle; wing pads parallel, extended to 

abdominal segment 4; folded labium ex- 

tended posteriorly to posterior margin of 

mesocoxae, paracoxal processes absent; 

metasternal anterior transverse sulci angu- 

late, fused to medial sulci to form Y-shaped 

seam, medial sulci ca. 1.0 mm long; legs 

edged with long fine hair; tibiae apically and 

tarsi ventrally with stout setae. 

Abdomen.—Terga 1-9 with posterior 

margins fringed with short hair setae and 
with large paired dorsolateral swellings, each 

swelling with cluster of long fine hair setae, 
swellings and associated hair setae largest 

on segments 2-5, smaller posteriorly, ves- 
tigial on 8 & 9, with hair tuft incorporated 

into posterior hair fringe; dorsum with pos- 

teromedial light spot on terga, ca. 3 length 

on anterior segments, and full length on ter- 

gum 9; ventral surface with short fine hair 

setae, hairs longest along lateral sternal sul- 

cl; sterna without anterolateral apodemes; 

lateral margins of abdomen with long hair 

setae, lateral setae short and stout on seg- 

ments 8 & 9; segments 8 & 9 with lateral 

spines, that on segment 8 smaller, ca. \ lat- 

eral margin of 8 including spine, that of 9 

ca. '\, lateral margin of 9 including spine; 
progonapophyses ca. ‘5 length of sternum 

9, metagonapophyses with apices at ca. "4 

length of sternum 9; epiproct shorter than 

apical width of segment 10, apex down 

turned; male epiproctal tubercle large acu- 

minate, extended to ca. 0.45 length of epi- 

proct; cerci robust, somewhat blunt in male, 

ca. 42 length of paraprocts; paraprocts 

straight tipped, slightly longer than epi- 

proct; proventriculus with four sclerotized 

toothlike lobes, dorsal lobes extended into 

long narrow triangular tooth with apex in- 

clined posteriorly, medial edge with 6-8 

denticles, lateral edge with 3-5 denticles; 
ventral lobes shorter and wider, medial edge 

with 4-5 denticles, lateral edge inclined lat- 

erally with 4-5 denticles, posterior surface 
ca. 1.6 times as high as wide. 

DISCUSSION 

The accompanying key is based on the 

senior author’s phylogenetic research of the 

Anisoptera and includes several new char- 

acters which are presented to allow their 

evaluation by other workers. The key is not 

intended to imply a definite anisopteran 

phylogeny, although the authors believe the 

ultimate goal should be the creation of nat- 

ural or phylogenetic keys. The third couplet 

of the adult and larval keys results in the 
placement of Neopetalia in the Libellulo- 

idea (sensu Carle 1982a, 1986), and the 

placement of remaining “Neopetallidae” 

within the Aeshnoidea. Therefore, Austro- 

petaliidae fam. nov. (type genus Austrope- 

talia Tillyard) is established to include Aus- 

tropetalia, Phyllopetalia Selys, Hypopetalia 

McLachlan, and dArchipetalia Tillyard. 

Adults and larvae of the new family are sep- 

arated in the fourth couplet of both keys. It 

is also noted that austropetaliid secondary 

genitalia is unique among Aeshnoidea in 

that the anterior lamina is short and wide, 

being similar to that of Petaluridae. 

Placement of Neopetalia within Libellu- 

loidea is quite straightforward as several ap- 

parent apomorphies are shared between 

their larvae; these include prementum 

scooplike, labrum concealed by triangular 

labial palps, labial endhook distinctly short- 

er than palp, epiproct acuminate, and pro- 

ventriculus bilaterally symmetrical with 

sclerotized lobes large-toothlike and edged 
with 2-8 teeth. Adult similarities include 

exophytic oviposition with the uniquely re- 

duced ovipositor which retains the meta- 

gonapophyses. Furthermore, placement of 

Neopetalia within the non-cordulegastrid 
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Libelluloidea is supported by several ap- 

parent synapomorphies including the loss 

of paraglossal spines, inflation of lateral 

clypeal lobes, well-developed ocellar lobe, 

short wide pterostigmata, male with meso- 
and metatibial keels, and further reduction 
of the metagonapophyses. Apparent auta- 

pomorphies of the Cordulegastridae in- 

clude: supplementary sector arising near 

bridge crossvein, male meso- and metatibi- 
ae with peglike spines, anterior hamuli erect 

foliate, and female progonopodites ap- 

pressed into an elongate, gently-tapered, 

spadelike organ for placing eggs into soft 
stream bottoms. 

A sister group relationship between Neo- 

petalia and remaining non-cordulegastrid 

Libelluloidea is supported by the following 

apparent apomorphies of this latter group: 

loss of oblique pterostigmal brace, male tib- 

ial keels long (obsolete in Libellulinae), and 

ventral proventricular lobes with at least a 

dorsal or basal tooth in addition to the api- 

cal tooth. The autapomorphies of Neope- 

talia are amazing and include: wings with 
costal series of 4 reddish blotches, apical 

blotch divided by yellowish orange ptero- 

stigmata; abdominal terga 5-8 with ven- 

troapical tufts of long black hair, body ex- 

cessively hairy; anterior hamuli contiguous 

and L-shaped; female tergum 2 with “gen- 

ital lobes”; female sternum 10 expanded into 

huge circular splash plate, with elongate 

curved cerci supporting its outer rim; larval 

antennae 6 segmented, third segment ca. as 
long as distal portion of antennae; larval 

premental setae vestigial; larva with lateral 

lobes of labium bilobate and ending in 5 or 

6 irregular medial teeth; and larval lateral 
lobes with one dorsomedial setae each. 

These character distributions suggest that 
an isolated taxonomic position is warrant- 

ed, and therefore Neopetaliidae is retained 

as a monotypic family. 

BIOLOGY 

Neopetalia larvae were only found in the 

silt-bottomed pools of small streams and 
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seepage areas. The largest number of larvae 

were found in seepage streams, that is, 

streams averaging less than '2 meter wide 

and less than 10 cm deep, with about a | 

to 10 gentle riffle to pool ratio, and fed by 
numerous small feeder springs. The small- 

est larvae found (ca. 2 mm), were living in 

the small pools formed by livestock tracks 

at the very edge of a seepage area. Isolated 
larvae were found in streams up to 2 m 

wide, but only near shore in quiet silt-bot- 

tomed eddies on the lee side of logs or rocks. 

Compared to holarctic Cordulegastridae the 

larval habitat of Neopetalia is most similar 

to that of Zoraena bilineata Carle. Larvae 
kept in rearing cages quickly worked their 

way into the substrate leaving only the com- 

pound eyes and apex of the terminalia above 

the surface of the substrate. Feeding was 
accomplished from ambush with only slight 

reorientations of the head employed. Small 

Ephemeroptera were the preferred prey: 

Plecoptera placed in the rearing cages were 

not taken. From the sizes of larva collected 

three years are required for larval devel- 

opment. 
Adults are most often observed flying at 

from 5 to 15 m above spring seeps where 

they become most active following the pass- 

ing of a cloud. After an extended period of 

sunshine the somewhat fluttery back and 

forth feeding flight would end as individuals 
drifted away to hang up high in the forest. 

In the morning and toward dusk both sexes 

patrol sunlit forest roads at 1-3 m, where 
the flight of the females in particular seems 
quite labored. In these behavioral traits 

Neopetalia shows uncanny similarities with 
the following account of chlorogomphid be- 
havior from Fraser (1929), “‘Their habits 

... differ markedly from those of Cordu- 

legaster; their flight on the level is compar- 

atively weak, being not more fast than the 
speed of a fast running man, they are how- 

ever given to soaring and on occasions rise 

to hundreds of feet above the tree-tops.. . 

Males have frequently been observed rest- 

ing on twigs of dead or leafless trees some 
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hundred or more feet above ground-level. 

At other times, both sexes are given to pa- 

trolling mountain roads... .” 
The series of four reddish blotches along 

the coastal margin is unique among the Li- 

belluloidea and may represent a mimicry of 

the pattern found in the Austropetaliidae 

fam. nov. The pattern is quite consistent 

throughout the austropetaliids, the major 

variation being the lack of the postnodal 

blotch in red Phyllopetalia. In austrope- 

taliids the female is always marked more 

conspicuously suggesting a warning color- 

ation and indicating that the group may be 

distasteful. In Neopetalia the apical blotch 

is always missing, the extent of blotching 

between males and females is more equal, 
and the pterostigmata is bright yellowish 

orange centrally dividing the pterostigmatal 

reddish blotch in two. Mimicry in the Odo- 
nata is not limited to this group as the Po- 

lythorids (e.g. Polythore manua Bick and 

Bick) mimic noxious butterflies (JAL, pers. 

observation). 

Oviposition was apparently observed on 

one occasion while the senior author crawled 

through the cavelike understory along a 

small stream. The female hovered momen- 

tarily close to the water surface, turned to 

face shore, and smacked the water surface 
with the apex of the abdomen, she then 

slowly rose while intermittently stopping and 
turning to navigate upward through the 

dense understory. This behavior along with 
the unusual ovipositor indicates that the fe- 

male may build up a large cluster of eggs on 

the progonapophyses before beginning ovi- 

position, the splash plate may be utilized to 

disperse this egg cluster. 

The known geographical range of Neo- 

petalia extends from about sea level near 

Ahoni, 43°2’ latitude to about 1800 m near 

Farellones, 33°20’ latitude. The known flight 

season is from October 18 to January 26. 

Neopetalia is not known to occur outside 

Chile. Although the range of Neopetalia is 

quite widespread, its larval habitat, like that 

of Zoraena and Taeniogaster, is very lo- 
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calized. The extremely restricted habitat re- 

quirements for Neopetalia were not expect- 

ed owing to the lack of related species in the 

down stream environment. In North Amer- 

ica Zoraena, Taeniogaster, Kalyptogaster, 

and Pangaeagaster occupy sequential zones 

of lotic systems from spring seeps to small 

rivers (cf. Carle 1982b). However, the re- 

stricted occurrence of Neopetalia may be 

secondary, being the result of establishment 

of either non-native Brown trout (Sa/mo 

trutta), Atlantic salmon (Sa/mo salar), or 

Rainbow trout (Oncorhynchus mykiss) in all 

of the drainages where Neopetalia was found. 
It is difficult to determine how serious fish 

predation would be ona burrower like Neo- 

petalia, but it was very clear that popula- 

tions of nonburrowers such as A//opetalia, 
Phyllopetalia, and Hypopetalia were much 

more abundant above impassable falls. 

Other threats to the ancient stream fauna 

of Chile include the pasturing of livestock 
in spring seeps, and the piping and chan- 

neling of springs and small streams for do- 
mestic use, livestock, and irrigation. 

KEY TO THE SUPERFAMILIES AND 

FAMILIES OF ANISOPTERA 

ADULTS 

1. Labium with palpal end hook as long as ligula, 

ligula entire; postfrons with postocellar ridge; 

supratriangles similar in shape and with an- 

terior side concave posteriorly; posterior 

hamuli engaging female sternum 9, apical 

hooks directed anteriorly; ovipositor reduced 

to fused progonacoxae and progonapophyses, 

metagonopodites at most represented by small 

sternal plates ... Gomphoidea Gomphidae 

— Labium with palpal end hook shorter than 

ligula, ligula variable; postfrons without post- 

ocellar ridge; supratriangles either not similar 

in shape or with anterior side straight; pos- 

terior hamuli engaging female sternum 8, api- 

cal hooks directed posteriorly or medially; 

Ovipositor complete or reduced, metagono- 

podites at least represented by small peglike 

structures se Se at 2 

. Compound eyes widely separated dorsally, 

anterodorsal surface of occiput trapezoidal; 

pterostigmata concave posteriorly and longer 

than distance between costal braces; ligula with 

wide medial cleft; male epiproct typically di- 

Nm 
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varicate, and cerci strongly expanded distally; 

Ovipositor complete and strongly upturned 

Pee GE Neate cry a Petaluroidea Petaluridae 

Compound eyes contiguous or approximate 

dorsally, anterodorsal surface of occiput tri- 

angular; pterostigmata not concave posteri- 

orly, shorter than distance between costal 

braces; ligula with medial cleft variable; male 

epiproct typically quadrate or triangular, and 

cerci not strongly expanded distally; ovipos- 

itor variable, not upturned ...... 

. Pterostigmal brace thickened and oblique; an- 

terior lamina with elongate medial cleft, an- 

terior hamuli directed medially, posterior 

hamuli vestigial; median process of male ab- 

dominal segment 2 short L-shaped; oviposi- 

tor complete, suited for endophytic oviposi- 

HOME so eats Atastvites tenants oe Aeshnoidea 4 

Pterostigmal brace obsolete, (present in Neo- 

petalia); anterior lamina without elongate me- 

dial cleft, anterior hamuli directed postero- 

ventrally or absent, posterior hamuli well 

developed; median process of male abdomi- 

nal segment 2 long J-shaped; ovipositor re- 

duced, suited for exophytic oviposition 

Se ee ets Libelluloidea 5 

. Wings with costal series of S—8 reddish blotch- 

es; compound eyes approximate or meeting 

at point dorsally; abdomen without dorsal or 

lateral carinae, 7 or 8 often with lateral ex- 

pansions; wings without planates; fore wing 

triangle with proximal side more than 1 an- 

terior side; penis laterally exposed, prepuce 

well developed, segment 4 pendulous with 

huge paired flagellae directed posteroventrally 

Austropetaliidae fam. nov. 

Wings without costal series of 5-8 reddish 

blotches; compound eyes meeting along dor- 

sal seam; abdomen with dorsal and lateral 

carinae, without lateral expansions; wings with 

planates; fore wing triangle with proximal side 

less than 2 anterior side; penis laterally con- 

cealed, prepuce obsolete, segment 4 swablike 

without huge paired flagellae directed pos- 

LELOvVenttall ype werent tee ae ae re eee Aeshnidae 

. Supplementary sector arising near bridge 

crossvein; paraglossal spines present; lateral 

clypeal lobes not inflated; ocellar lobe absent; 

pterostigmata parallel sided, length typically 

ca.8 times width; male protibiae with short 

apical keels and meso- and metatibiae with 

outer spines peglike; anterior hamuli large erect 

foliate; progonopodites appressed into elon- 

gate gently tapered spade ..... Cordulegstridae 

Supplementary sector not arising near bridge 

crossvein; paraglossal spines obsolete; lateral 

clypeal lobes inflated; ocellar lobe present; 

pterostigmata not parallel sided with length 

ca. 8 times width; male without small protibi- 

al keels and meso- and metatibial peglike 

spines; anterior hamuli vestigial or elongate 

and directed posteroventrally; progonopod- 

ites not appressed into elongate gently tapered 

Spadevae reer ah sacs 

. Pterostigmal nates ihickencd and qbligue: 

wings with costal series of 4 reddish blotches, 

apical blotch divided by yellowish orange 

pterostigmata; abdominal terga 5-8 with ven- 

troapical tufts of long black hair; male tibial 

keels ca. “3 length of protibiae and length 

of meso- and metatibiae; anterior hamuli con- 

tiguous and L-shaped; female sternum 10 ex- 

panded into huge circular splash plate 

Neopetaliidae 

Pierosteriall brace vestigial; wings without 

costal series of 4 reddish blotches, apical blotch 

not divided by yellowish orange pterostig- 

mata; abdominal terga 5-8 without ventroap- 

ical tufts of long black hair; male tibial keels 

more than 3 length of protibiae and 5 length 

of meso- and metatibiae (obsolete in Libel- 

lulinae); anterior hamuli not contiguous or 

L-shaped; female sternum 10 without splash 

DIALER es lla. sears ores boven ee 7 

. Ligula longer than wide and with apical cleft: 

labial palps with well developed movable end 

hook and apical spine; sectors of the arculus 

separated basally; supratriangles slightly con- 

vex anteriorly; antenodal crossveins not 

aligned, with two costal braces; subtriangular 

interspace dilated basally; anterior hamuli 

elongate and directed anteroventrally . . 

Syn ahatcn tee ae arate Chlorogomphidae 

Ligula wider than long and without apical cleft; 

labial palps with vestigial movable end hook 

and apical spine; sectors of the arculus fused 

basally; supratriangles strongly convex ante- 

riorly; antenodal crossveins mostly aligned or 

with 3 or more costal braces; subtriangular 

interspace not dilated basally; anterior hamuli 

short and erect or obsolete .. 

. Median space with crossveins; wings with 5 

or 6 cubital-anal crossveins; abdomen cylin- 

drical, tergum 7 without well developed mid- 

dorsal ridge® Washccta sede ae oe Synthemistidae 

Median space without crossveins; wings with 

1-4 cubital-anal crossveins; abdomen ex- 

panded, at least on segments 7 and 8, tergum 
7 with well developed middorsal ridge .. 9 

. Anal loop typically elongate without midrib; 

proximal side of hind wing triangle distal to 

arculus by ca. 2 length of arculus and with 

sectors of arculus diverging basally; male 

without genital lobe; progonapophyses typi- 

cally longer than sternum 9, metagonapophy- 

ses rodlike ..... Gomphomacromiidae stat. nov. 
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Anal loop rounded or elongate with midrib; 

proximal side of hind wing triangle at arculus 

or separated from it by ca. length of arculus; 

with sectors of arculus typically fused sub- 

basally; male with genital lobe; progonapoph- 

yses shorter than sternum 9, metagonapophy- 

ses peglike 

. Anal loop rounded without midrib; proximal 

side of hind wing triangle distal to arculus by 

ca. length of arculus; without lateral abdom- 

inal carinae; tarsal claws with ventral tooth 

ca. as long as claw tip; anterior hamuli short 

erect 
Anal loop bootlike with midrib; proximal side 

of hind wing triangle near arculus, separated 

by less than '2 length of arculus; with lateral 

abdominal carinae on at least two segments; 

tarsal claws with ventral tooth ca. '2 as long 

as claw up; anterior hamuli vestigial 

LARVAE 

. Antennae 3- or 4-segmented, third segment 

more than '2 antennal length; second man- 

dibular segment movable; mesotarsi 

2-segmented; abdominal segments 4 or 5 to 

6 with linear transverse muscles and antero- 

lateral sternal apodemes; sclerotized proven- 

tricular lobes elongate-rasplike, with 8-20 

scattered teeth 

Antennae 6- to 8-segmented, third segment 

less than '2 antennal length; second mandib- 

ular segment not movable; mesotarsi 

3-segmented; abdominal segments 4 and 5 

with vestigial or phragmatic transverse ab- 

dominal muscles and without anterolateral 

apodemes; sclerotized proventricular lobes 

mound or toothlike, with 0-8 posteriorly clus- 

tered teeth 

Tibiae with apical burrowing hooks; termina- 

lia forming dorsally directed vent; labial palps 

with robust dorsolateral spur at base of end- 

hook; molar lobe with teeth; transverse ab- 

dominal muscles 4 and 5 vestigial; proven- 

triculus with 8 sclerotized lobes each with 0- 

6 similar blunt teeth 

Tibiae without apical burrowing hooks; ter- 

minalia not forming dorsally directed vent; 
labial palps without robust dorsolateral spur 

at base of endhook; molar lobe without teeth; 

transverse abdominal muscles 4 or 5 phrag- 

matic or obsolete; proventriculus with 4 scler- 

otized lobes each with 2-8 sharp teeth, apical 

tooth largest 

. Prementum flat, dorsal surface of labium 

without long premental and palpal setae, la- 

Aka eater oe Macromiidae 

Gomphoidea Gomphidae 

..Petaluroidea Petaluridae 

brum not concealed by triangular labial palps, 

labial endhook distinctly longer than palp; 

epiproct typically bifurcate apically; proven- 

triculus radially symmetrical, sclerotized lobes 

small-lobelike with 8 or fewer clustered teeth 

Prementum scooplike, dorsal surface of la- 

bium typically with long premental and palpal 

setae, labrum concealed by triangular labial 

palps, labial endhook distinctly shorter than 

palp; epiproct acuminate; proventriculus bi- 

laterally symmetrical, sclerotized lobes 

large-toothlike, edged with 2-8 teeth 

Aeshnoidea 4 

ST INS lo ee Libelluloidea 5 

. Abdominal segments 1-10 with lateral lobes; 

prementum slightly widened distally; labrum 

widened distally to ca. width of prementum; 

ventrolateral occipital ridge massive; para- 

procts shorter than 2 width of abdominal seg- 

ment 9; femora dorsally excrescent; trans- 

verse abdominal muscles obsolete; body 

surface extensively granulate 

upseeneta ty TRAIN pore, Be Austropetaliidae fam. 

Abdominal segments 3-9 at most with lateral 

spines; prementum greatly widened distally; 

labrum ca. 2 width of prementum; ventro- 

lateral occipital ridge low; paraprocts longer 

than 2 width ofabdominal segment 9; femora 

dorsally smooth; transverse abdominal mus- 

cle 5 phragmatic, 6 linear; body surface not 

extensively granulate 

teeth; ligula with glossal and paraglossal lobes; 

mesosternum without paracoxal lobes; meta- 

sternum with transverse sulci joined by me- 

dial sulcus; ventral proventricular sclerotized 

lobes without large subapical tooth, dorsal 

lobes without posteromedial edge strongly in- 

clined laterally; sternum 6 without anterolat- 

eral apodemes 

Labial palpi with stout regular medial teeth; 

ligula with distal margin entire; mesosternum 

with paracoxal lobes; metasternum with 

transverse sulci contiguous, medial sulcus ob- 

solete; ventral proventricular sclerotized lobes 

with large subapical tooth, dorsal lobes with 

posteromedial edge strongly inclined laterally; 

sternum 6 with anterolateral apodemes .... 

. Labial palpi bilobate with 5-6 medial teeth; 

prementum with 4-6 vestigial setae; palpi with 

1 short dorsomedial setae near base of palpal 

end hook; antennae 6-segmented, third seg- 

ment more than twice length of second seg- 

ment; antefrons moundlike; wing pads par- 

allel; male epiproctal tubercle acuminate; 

vulvar lamina ca. 3 length of sternum 9 ... 

nov. 

Aeshnidae 

. Labial palpi with elongate irregular medial 

SRE Tt SOR Aare Beene Neopetaliidae 
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Labial palpi trilobate with ca. 9 medial teeth; 

prementum with 10-30 elongate setae; palpi 

with 5-8 elongate dorsomedial setae; anten- 

nae 7- or 8-segmented, third segment less than 

twice length of second segment; antefrons 

shelflike; wing pads typically divergent; male 

epiproctal tubercle truncate; vulvar lamina not 

ca. 4 length of stemum 9 ......... : 7. 

. Wing pads with wide well developed anal loop; 

ventral proventricular lobes with basal or dor- 

sal denticulations; vulvar lamina ca. ',, length 

of sternum 9 Chlorogomphidae 

Wing pads with narrow indistinct anal loop; 

ventral proventricular lobes without basal or 

dorsal denticulations; vulvar lamina more than 

*, length of sternum 9....... Cordulegastridae 

. Labial palpi without setae along medial mar- 

gin; dorsal proventricular lobes not united by 

medial sclerotization; ventral proventricular 

lobes with posterior face ca. as wide as that 

of dorsal lobes; ventral proventricular lobes 

with teeth separated by more than width of 

posterior face of dorsal lobes 

Labial palpi with setae along medial margin; 

dorsal proventricular lobes united by medial 

sclerotization; ventral proventricular lobes 

with posterior face less than 2 as wide as that 

of dorsal lobes; ventral proventricular lobes 

with teeth separated by less than width of pos- 

terior face of dorsal lobes .. ; 

Metasternum with transverse sulci meeting at 

point; wing pads divergent; hind femur ca. 1.5 

times length of front femur; pronotum later- 

ally ridgelike, widest proximally; abdominal 

setae elongate-erect; abdomen ca. 2.5 times 

ASMONPAaSIWIGE: Wy.) iar = etcerttvenels Synthemistidae 

Metasternum with transverse sulci fused at 

short seam; wing pads parallel; hind femur ca. 

1.8 times length of front femur; pronotum 

laterally shelflike, widest distally; abdominal 

setae short-appressed; abdomen ca. 2.0 times 

as long as wide .. 

tal shelf erect hornlike; legs typically more 

than twice as long as abdomen _ ...Macromiidae 

Mesosternum without transverse tubercle; 

frontal shelf not erect hornlike; legs less than 

twice as long as abdomen ......... Libellulidae 

Gomphomacromiidae stat. nov. 

. Mesosternum with transverse tubercle; fron- 
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PSYDROTHRIPS LUTEOLUS, NEW SPECIES, FROM HAWAII AND 
NOTES ON P. KEWI (THYSANOPTERA: THRIPIDAE) 

SuEO NAKAHARA AND Dick TSUDA 

(SN) Systematic Entomology Laboratory, PSI, Agricultural Research Service, USDA, 

10300 Baltimore Avenue, Beltsville, Maryland 20705-2350; (DT) Department of Ento- 

mology, University of Hawaii at Manoa, Honolulu, Hawai 96822. 

Abstract. —Psydrothrips luteolus, new species, damages Dieffenbachia sp. and other 

Araceae in Hawaii. The adult female and male and second-instar larva are described and 

illustrated. Additional descriptions are provided for P. kewi Palmer and Mound, the type 

species of the genus, and its origin is discussed. 

Key Words: Psydrothrips, luteolus, kewi, adults, larva, Dieffenbachia, Araceae, Hawaii 

Psydrothrips kewi Palmer and Mound 
(1985), the type species of a monotypic ge- 

nus, was first noticed in 1982 when it se- 
verely damaged leaves of Philodendron spp. 

in a glasshouse at Kew, England. The in- 

fested philodendrons were imported from 

Brazil, Mexico and Trinidad indicating that 

P. kewi is of neotropical origin. However, a 

collection record of P. kewi from the Neo- 

tropics was not available until recently. 

While examining unidentified material of 

another genus in the USNM Thysanoptera 
Collection in 1992, a specimen of P. kewi 
was discovered by the senior author. This 

specimen was intercepted on philodendron 

canes from Tamazunchale, San Luis Potosi, 
Mexico at agricultural quarantine in 1952 

at Laredo, Texas. Thus, the infestion in Kew 
may have been introduced on philoden- 

drons imported from Mexico, and it may 

not occur in Brazil or Trinidad. 

The second Psydrothrips taxon, luteolus, 
new species, was discovered in Honolulu, 

Hawaii, in July of 1991 on Dieffenbachia 

sp. and was subsequently found on other 

araceaeous hosts in several localities in the 

city. It damages the young leaves of these 

hosts. The feeding damage and habits of the 

immature instars and adults were observed 

by the junior author and are discussed under 

“Habits.” 

Measurements are in microns except for 

body length which is in millimeters. Mea- 

surements of holotype are given first fol- 

lowed by those of the female paratypes in 

parentheses ( ) unless otherwise indicated. 

USNM is an acronym for the United States 

National Museum of Natural History, 

Washington, D.C. 

Psydrothrips luteolus, NEw SPECIES 

Female (macroptera).— Head (Fig. 1) pale 

yellow with eyes grayish brown except om- 

matidia colorless, small grayish brown area 

extending posteriorly from eye between po- 

sitions of POiii and PO\v setae (Fig. 1, C); 
ocellar crescent red; pronotum yellow with 

a posterolateral light grayish brown area on 

each side (Fig. 2, C); pterothorax pale yellow 
with preepisternum brown; legs yellow; se- 

tae light brown or yellow; forewing grayish 

brown, paler distally, a subbasal pale area 

posterior to forevein, scale completely gray- 

ish brown; hindwing with median longitu- 

dinal grayish brown stripe, scale grayish 

brown. Antennal segments I and II light yel- 
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low, III yellow with distal part grayish 

brown, IV yellow on basal *, grayish brown 

on distal 3, V yellow on basal '2, grayish 

brown on distal '2, VI grayish brown with 

yellowish brown or yellow area distal to 

grayish brown base, VII-IX grayish brown. 

Antenna (Fig. 3): Segments III-IX elon- 

gate; III constricted at base, with irregular 

inner and outer margins, 3.35 to 3.75 times 
as long as wide (Fig. 3, A); segments V and 

VI subequal in length; III and IV with 

U-shaped trichomes, 30 (30-37) long, inner 

sense cone on VI 54 (54) long (Fig. 3, B), 

extending to distal 4 of VIII. 
Head (Fig. 1): Wider than long, slightly 

produced anterior to eyes, apex of vertex 

between base of antennae rather wide, in- 

terantennal process truncate, ¥4 to *4 as wide 

as antennal segment I. Eyes slightly longer 

than occiput, interocular distance about 1.5 

times wider than width of eye. Cheeks 

slightly convering posteriorly, either straight 

or slightly concave. Occiput with transverse 

anastomosing sculpture. Fore ocellus al- 

most aligned with anterior margin of eyes, 
17-22 wide; hind ocelli separated by 1.5 to 

2.0 times the diameter of fore ocellus. Ocel- 

lar setae I short, anterior of fore ocellus; 

ocellar setae II short, anterolaterad of fore 

ocellus and near mesal margin of eyes: ocel- 

lar setae III well developed, laterad of fore 

ocellus (Fig. 1, A). Four pairs of postocular 

setae (PO), POi-i1i setae subequal in length 

(Fig. 1, B), aligned longitudinally, POiv 

shorter and laterad to POwi. Mouthcone 

broadly conical, rounded apically, extend- 

ing between prothoracic coxae. 

Pronotum (Fig. 2): Wider than long, 

shorter than head, weakly sculptured; nor- 

mally with a short, irregular longitudinal 

median line on disc. Discal setae short, 35 

(28-35) present; | pair of posteroangular 

setae developed, *4 to % as long as notum, 

usually between 2 to % as long (Fig. 2, A); 

posteromarginal setae 2 pairs, median pair 

longest (Fig. 2, B). Ferna complete, with | 

pair of short setae. Mesonotum: Transverse, 

anastomosing sculpture medially, anterior 
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part without sculpturing and posterior part 

weakly sculptured; anteromedial sensilla 

absent; submedial setae short, far anterior 

to posterior margin. Mesothoracic sternal 

furca with poorly developed spinula. Meta- 

notum: Completely reticulated polygonally; 

median setae posterior of anterior margin; 
other sensilla absent. Metathoracic sternal 
furca with well developed spinula; inter- 

coxal process with subtruncate apex. 

Forewing: Straight, pointed at apex; 26- 

28 (25-28) costal setae, those at midlength 

shorter than width of wing; 24-26 (21-28) 

straight, anterior fringe cilia; posterior fringe 

cilia wavy; forevein with 9 (8-10) setae in 

proximal ', 3 setae in distal '2, hindvein 

with 11 (9-14) setae: scale with usually 5 

(4-6) marginal setae and | discal seta. 

Abdomen: Median setae on tergites far 

apart, reduced on tergite I, gradually longer 

posteriorly, well developed on tergite VIII, 

separated by at least twice its length; tergite 

II with 3 lateral setae. Sculpture lines absent 

from median area on tergites I-V, present 

medially on VI-VIII; numerous microtrich- 

ia on sculpture lines and on posterior mar- 

gins on lateral 4 to 4 of tergites I-VII (Fig. 
4, B), anterior and mesal ones short, longer 

laterally and posteriorly. Posteromarginal 

comb on VIII complete, with 38 (37-50) 

close-set microtrichia, longest 20-24 (Fig. 

4, A). Tergite IX longer than X, with 2 pairs 

of sensilla; B1-B3 setae longer than tergite 

X; tergite X without dorsal split. Pleuroter- 

gites without accessory setae, with micro- 

trichia on sculpture lines, and microtrichia 

or teeth on posterior margin; pleurosternite 

with microtrichia on sculpture lines, and 

teeth on posterior margin. Sternites II-VI] 

with accessory setae in irregular row; an- 

teromedial setae absent from sternite I; ster- 

nites H-VII with 3 pairs of posteromarginal 

setae, median pair on sternite VII on pos- 

terior margin. 

Male (macroptera). —Similar to female in 

color and most morphological characters, 

but smaller. Abdominal tergite VIII with 

well developed, complete posteromarginal 
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Figs. 1-6. Psydrothrips luteolus (scale for figures = 0.1 mm). 1, Female head: A) ocellar setae III; B) POiii 

seta; C) brown area. 2, Female pronotum: A) posteroangular seta; B) posteromarginal seta; C) grayish brown 

area. 3, Female antenna: A) segment III; B) sense cone on segment VI. 4, Female abdominal tergites VII and 

VIII: A) posteromarginal comb; B) microtrichia. 5, Male abdominal tergites IX and X: A) posteromarginal 

comb; B) B1 seta; C) B2 seta; D) dorsal seta; E) posterolateral seta; F) sensillum. 6, Male abdominal sternites 

II and HI: A) glandular area. 

comb (Fig. 5, A). Tergite [IX with median 

notch on posterior margin; B1 and B2 setae 

short, stout, spinelike (Fig. 5, B and C); Bl 

setae anterior and closer to each other than 

B2 setae; dorsal setae bristlelike, laterad of 

B1 setae (Fig. 5, D); posterolateral setae stout 

(Fig. 5, E), a thick, shorter seta just anterior 

of posterolateral seta; single bristlelike setae 
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anterior to posterolateral setae; a sensillum 

anterior or anterolaterad of each B2 seta, 

another pair between D1 setae and anterior 

margin (Fig. 5, F). Sternites II-VIII with 

accessory setae in single row; median, oval 

gland in intersegmental membrane between 

sternites II and III, 24 long, 27 wide (Fig. 

6, A). 
Measurements of holotype and female 

paratypes: Body length 1.57 (1.48-1.59) 

mm (distended). Antenna: Total length: 337 

(323-355); length and width of segment I 
24 (22-24), 33 (32-35); II 37 (35-42), 30 
(30); III 62 (57-64), 17 (17); IV 54 (52-59), 
17 (17-20); V 47 (44-52), 17 (17-18); VI 

47 (44-52), 17 (17-18); VII 22 (20-22), 12 
(12-13); VHI 22 (22), 10 (10); IX 22 (22- 
23), 6 (5-7). 

Length of head from interantennal pro- 

cess 165 (158-165), from anterior of eyes 

141 (136-157), width at eyes 188 (185-195), 
at cheeks 173 (178-188). Pronotum 121 

(103-128) long, 285 (190-203) wide. Fore- 
wing 728-770 (701-839) long, 47 (47-57) 

wide at midlength. Abdominal tergite IX 86 
(86-100) long, tergite X 74 (74-79) long. 

Length of setae: Ocellar setae I (17-22), se- 

tae II (22-24), setae III 37 (40-54); POi se- 
tae 32 (32), POn 27 (30-32), POti 24 (24- 
30), POiv 12 (15-17); pronotal posteroan- 

gular setae 54-59 (50-64); median postero- 

marginal setae 22 (24-30); metanotal me- 

dian setae 22-24 (24-27); median setae on 
abdominal tergite VIII 37 (37-44): B1 setae 

on tergite IX 101 (101-111), B2 setae 114 

(114-121), B3 setae 121 (109-117); BI setae 
on tergite X 109 (99-111), B2 setae 99 (96- 
109). 
Measurements of male paratype: Body 

1.27 mm long (distended). Antenna: Total 

length 290; length and width (_) of segment 
I 22 (30), II 35 (27), II 52 (17), IV 44 (17), 
V 40 (17), VI 40 (17), VII 17 (12), VII 20 
(10), IX 20 (7). Length of head from inter- 

antennal process 124, from anterior of eyes 
121, width at eyes 161, at cheeks 148. Pro- 

notum 99 long, 173 wide. Forewing 644 
long, 44 wide at midlength. Pronotal pos- 

teroangular setae 44-50 long, median pos- 
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teromarginal setae 20 long; on tergite IX D1 

setae 82-89 long, B1 setae 22 long, 6 wide, 
B2 setae 30-32 long, 5 wide; long postero- 

lateral setae 64 long, 6 wide, shorter pos- 

terolateral setae 40 long, 3 to 4 wide; bris- 

tlelike setae anterior of posterolateral seta 

37-42 long; midlateral seta 50 long. 

Second-instar larva: Body white with 
light reddish internal pigment, eye with red 

pigment. Antennal segment I light grayish 

yellow on basal 3, membranous, white dis- 

tally; II light grayish yellow, apically mem- 

branous, white; III gray, basally and apically 

membranous, white; IV—VII gray with in- 

tersegmental parts membranous, white. An- 

teromedial gray band extending dorsoven- 
trally between antennal bases. Tarsi, tibiae 

and base of femora gray. Abdominal tergite 
IX with grayish yellow band extending from 

posterior margin to between dorsal setae and 

sensilla (Fig. 7, A); tergite X grayish yellow 

to anterior of sensilla (Fig. 7, D). 

Antennal segment IV with microtrichia 

on annulations, other segments lack micro- 

trichia; segment VII 1.5 to 2.0 times longer 
than segment VI; outer sense cone on VI 

longer than segment VII. Head with long 

D2 seta, D1 and D2 setae pointed apically, 

D3 blunt apically, D4 expanded apically, 
D5 short, pointed apically. Pronotum with 

dorsal setae pointed except apex of D6 ex- 

panded or blunt. Legs with | long expanded 

seta on tarsi, fore- and hindtibiae each with 
4 dorsal setae with expanded apices, mid- 

tibia with 5 dorsal setae with expanded api- 

ces, femora each with 4 expanded setae, 

coxae each with | seta with expanded apex. 

Abdominal tergites I-VI with D1 and D2 

setae normally slightly expanded apically 

with a point and D3 setae on III-VI with 

expanded apices (Fig. 8, A, Band C); tergites 
Viland VIII with D1 setae normally slightly 

expanded apically with a point and D2 setae 

with expanded apices (Fig. 8, A and B), D3 

setae on VII with expanded apices (Fig. 8, 

C) and those on VIII with pointed apices; 
IX with D1 setae normally blunt apically 

(Fig. 7, B), D2 setae expanded apically (Fig. 

7, C); dorsal setae on tergite X slender, bris- 
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Second-instar larva of Psydrothrips luteolus (scale for figures = 0.1 mm). 7, Abdominal tergites 

IX and X: A) sclerotized band; B) D1 seta; C) D2 seta; D) sensilla. 8, Abdominal tergites VI and VII: A) D1 

seta; B) D2 seta; C) D3 seta. 9, Abdominal tergite V: A) plaques. 10, Mesothoracic spiracle. 11, Spiracle on 

abdominal segment VIII. 

tlelike; ventral setae slender and tapered 

apically. Abdominal tergite IX without pos- 

teromarginal teeth, sensilla slightly farther 

apart than distance between D1 setae (Fig. 

7). Mesothoracic spiracle with | row or with 

partial second row of cells around orifice 

(Fig. 10); abdominal spiracle on segment II 

small, circular, with 3 cells, spiracle on seg- 

ment VIII slightly larger, with 4-5 cells (Fig. 

11). Plaques oval, without microtrichia, at 

most with a mere point, in about 8 rows on 

tergite V (Fig. 9), those on sternite about 
same size as dorsal ones, in fused spinulose 

sections of varying widths on tergite IX. 
Material examined: Holotype female, 11 

female and 3 male paratypes; Hawaii, Oahu, 

Aiea Hts., unfurled leaf of Dieffenbachia sp., 
13-V-92, W. Nayamine. Hawaii, Oahu, Ho- 

nolulu: St. Louis Hts., 1 female and 1 male 
paratypes, unfurled leaves of Dieffenbachia 
sp., 1-VIH-91, M. Nakamota; Manoa Valley, 

3 female and 4 male paratypes, unfurled leaf 

of wild Epipremnum pinnatum (L.) Engl., 

9-I-92, D. M. Tsuda; University of Hawaii 

Campus, 6 female and | male paratypes, 10 

larvae, Epipremnum pinnatum, 2 female 

paratypes, Syngonium podophyllum Schott., 

1 female paratype, Philodendron sp., 8-V- 
92, D. M. Tsuda. Holotype and paratypes 

deposited in USNM; paratypes deposited in 
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Bishop Museum, Honolulu, Hawai; Cali- 

fornia Dept. of Food and Agriculture, Sac- 
ramento; Florida State Collection of Ar- 
thropods, Gainesville; The Natural History 

Museum, London, United Kingdom; and 
Forschungsinstitut und Naturmuseum 

Senckenberg, Frankfurt am Main, Germa- 

ny. 
Hosts: Dieffenbachia sp., Epipremnum 

pinnatum (L.) Engl., Philodendron sp., and 

Syngonium podophyllum Schott. 

Etymology: Specific epithet, Latin “‘lu- 
teolus” (yellowish), characterizes the pre- 

dominantly yellow body of this species. 

Habits: This cryptic, fast moving thrips 
attacks young emerging leaves. Feeding 

damage is quite obvious. An infested ter- 

minal (young unfurled leaf) becomes stunt- 
ed and malformed, with the outer surface 

blackened. Larvae and adults hide and feed 
within the narrow space between the base 

of the leaf stem (younger leaves) and trunk 
(vine), and more commonly between the 

loose layers of the young unfurled leaves. 

The mature larvae and pupae hide in the 

leaf axils of older leaves. 

Comments: Psydrothrips luteolus adults 
differ from P. kewi by yellow antennal seg- 

ments I-II, almost completely yellow head, 

and longer pronotal posteroangular setae, 

59-64 long. Conversely, P. kewi has brown 

antennal segments I-II, head yellow medi- 

ally and brown anteriorly and submargin- 

ally through the eyes to the posterior mar- 

gin, and shorter pronotal posteroangular 

setae shorter, 35—SO long. 

The distribution of apically pointed and 

expanded dorsal setae, absence of postero- 

marginal teeth from abdominal tergite IX, 
sclerotization on tergites IX and X, and ab- 

sence of microtrichia from antennal seg- 

ment III distinguish the second-instar larva 

of P. /uteolus from those of other thrips spe- 

cies in Hawaii. 

Although the origin of P. /uteolus is un- 
known, it apparently was introduced from 

161 

the Neotropics because it closely resembles 

P. kewi and has similar host preferences. 

Psydrothrips kewi Palmer and Mound 

The following morphological and color 

characters were not discussed in the original 

description of P. kewi and are amended here 

to provide a more accurate concept of the 

species: Antennal segments I and II brown 

with apex of II yellow, III yellow with distal 

part grayish brown, basal '2 of IV yellow 

and distal 2 brown, basal '4 of V yellow and 

rest brown, VI-IX brown. Forewing uni- 

formly brown with a subbasal pale area 

present; scale completely brown. Pronotal 

posteroangular setae 35-SO long; postero- 

marginal setae 3 pairs, occasionally total of 

5 setae present. Mesonotum sculptured me- 

dially and posteriorly, unsculptured ante- 

riorly; anteromedial sensilla absent. Ab- 

dominal tergite II with 3 lateral setae on 

each side; abdominal sternite I without an- 

teromedial setae, sternite II with 3 pairs of 

setae on posterior margin. 
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TURKISH HERBIVORES AND PATHOGENS ASSOCIATED WITH SOME 
KNAPWEEDS (ASTERACEAE: CENTAUREA AND ACROPTILON) THAT ARE 

WEEDS IN THE UNITED STATES 
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Abstract.—Three surveys of Anatolia were conducted between May and July 1984 to 

collect insects, nematodes, and pathogens of knapweeds that are pests in the United States. 

Thirteen herbivores in nine guilds were associated with Acroptilon repens (L.) DC., 49 

herbivores in ten guilds were found living on Centaurea solstitialis L., 19 herbivores in 

14 guilds attacked C. calcitrapa L. ssp. cilicica (Boiss. & Bal.), 20 herbivores in 12 guilds 

were collected from C. virgata (Var. A) ssp. squarrosa Gugler, and 11 herbivores in 4 

guilds were found on C. iberica Trev. ex Spreng. Turkey is a good source of insects, 

nematodes, and fungal pathogens for the biological control for weedy knapweeds in North 
America. 

Key Words: Biological control, insects, fungi, knapweeds, starthistle, nematodes, plant 

pathogens, Turkey, weeds, Acroptilon, Centaurea, Carduus 

Several knapweeds and starthistles, Cen- 

taurea spp. and Acroptilon repens (L.) DC. 

(Syn: Centaurea repens L.) (Asteraceae), 

were accidentally introduced from Eurasia 
and have become serious range weeds in 

North America. A search for their natural 

enemies has been conducted in Europe by 

the Commonwealth Institute of Biological 

Control since the 1950s and by the United 

States Department of Agriculture (USDA) 

since 1959 (Watson and Harris 1984, Harris 

and Myers 1984, and Rosenthal etal. 1991). 

This research led to the release of nine or- 

ganisms against Centaurea spp. in North 

America and to the establishment of six of 
them by 1984 (Julien 1992). 

The release of insects against C. diffusa 

Lamarck and C. maculosa Lamarck began 

with the importation of the seedhead flies 

Urophora affinis Frauenfeld and U. quad- 
rifasciata (Meigen) into Canada during 1970 

and 1972, respectively (Harris 1980). U. af- 
finis was imported into the U.S.A. begin- 

ning in 1973 while U. guadrifasciata entered 
the U.S.A. sometime before 1989 by natural 
dispersal from Canada (Julien 1992). The 

seedhead fly, U. jaculata Rondoni was mis- 

takenly released in the U.S.A. between 

1969-1977 against C. solstitialis as U. si- 
runaseva (Hering), but has not become es- 

tablished. The seedhead moth, Metzneria 
paucipunctella Zeller (Gelechiidae), estab- 

lished in British Columbia on C. maculosa 
after release in 1973 and on C. diffusa after 
releases in 1983 (Julien 1992). It is also well 

established on C. maculosa in Washington 
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state (Piper 1985) and has been released in 

the eastern U.S.A. (Julien 1992). 

The root boring moths Agapeta zoegana 

L. (Cochylidae) and Pelochrista medullana 

(Staudinger) (Tortricidae) have been re- 

leased against C. maculosa and C. diffusa 

in Canada since 1982 and in the U.S.A. 
since 1984, but P. medullana has not sur- 

vived in North America (Julien 1992). The 

root beetle, Sphenoptera jugoslavica Ob. was 

released against C. diffusa in Canada during 
1976 and in the U.S.A. during 1980 and is 

now well established 1n both countries. Only 

the nematode, Subanguina picridis (Kirja- 

nova) Brzeski, has been distributed in North 

America for control of Acroptilon repens. It 

was imported from the USSR, released in 

Canada during 1976, and became estab- 
lished in Saskatchewan, Quebec, and British 

Columbia (Watson and Harris 1984). How- 

ever, the Saskatchewan and Quebec sites 
have since been disturbed (Julien 1992). Be- 

sides these another seedhead fly, U. jaculata 

Rondani, was released by error in the U.S.A. 

as U. sirunaseva (Hering) against C. so/sti- 
tialis L. during 1969-1977, but did not be- 

come established (Julien 1992). 

Because Turkey has 172 or more Centau- 

rea species (Wagenitz 1975) compared with 

the 212 Centaurea species found in all of 

Europe (Dostal 1976), it was expected that 

a wide variety of specialized herbivores 
would be associated with this genus in Tur- 

key. Several short surveys of insects asso- 
ciated with Centaurea spp. and with thistles 

in the genera Carduus, Cirsium, and Ono- 

pordum were conducted by USDA scientists 

before 1976 (Pemberton and Hoover 1980). 

The surveys were so promising that a more 

thorough investigation of the fauna of some 
Turkish Centaurea spp. and A. repens was 

carried out during 1984. 

MATERIALS AND METHODS 

Three surveys of knapweeds and star- 
thistles were conducted (by S. S. R., assisted 

by T. D. and A. E.) in Anatolia from May 
11 to June 1, June 11 to July 1, and July 14 
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to 31. The main plants surveyed were 4. 

repens (Russian knapweed), Centaurea sol- 

stitialis L. (yellow starthistle), C. calcitrapa 
L. spp. cilicica (Boiss. and Bal.) (purple star- 

thistle), C. virgata Lam. Var. A (= spp. 

squarrosa Boiss.) (squarrose knapweed), and 

C. iberica Trev. ex Spreng. (Iberian star- 

thistle). Collections were made from some 

other Centaurea, Carduus, and Cirsium spe- 

cies encountered to further assess the host 

specificity of herbivores found on the target 
plants. 

Collection sites were chosen so that the 

target weeds were sampled over as wide a 

range of climates and plant communities as 

possible during the summer. Locations of 

the 61 sites (Fig. 1) vary considerably in 

elevation and in proximity to the Mediter- 

ranean Sea or other bodies of water. Their 

climates vary according to Walter and Lieth 

(1967) from (1) a warm Mediterranean cli- 

mate with winter rains along the southern 

coast near Adana (Type IV3a) in the east, 
with a mean annual temperature (MAT) of 

18.6°C, 614-670 mm precipitation/year and 

dry summers; (2) a slightly cooler Mediter- 

ranean climate with winter rains on and near 

the western coast at Izmir, Aydin (Type 3c) 

(MAT = 17.4° C), and Balikesir (MAT = 

14.3° C); (3) an even cooler Mediterranean 

climate to the east in the lake area in or near 
Afyon, Isparta, and Burdur (Type IV4; MAT 

= 11.3-12.9° C, 1018-1050 mm precipita- 

tion/year); (4) arid areas with a cold season 

(Type VII) through much of the rest of the 

country (Ankara, Konya, Corum, Amasya, 
Tokat, Nigde, Yozgat, Sivas, and Erzincan) 
with MAT from 11-12°C and drier sum- 

mers (336-528 mm precipitation/year); and 

(5) areas with a montane climate (Type X), 

becoming colder and higher as one travels 

east. The coldest area visited was at 1983 

m elevation, northeast of Erzurum. 

The collecting sites also varied in the de- 

gree of disturbance to which they were sub- 

jected. Many of them were cultivated fields, 
vineyards, or orchards that were constantly 

intruded upon. Such greatly disturbed areas 
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Fig. 1. Collecting sites in Turkey—summer 1984. 

were classified as Type 3 for statistical anal- 
ysis. The weeds were most common along 

roadsides and in grassy, fallow fields that 
were moderately disturbed by pedestrians 

and grazing animals (Type 2). In only a few 

places knapweeds were growing on almost 

completely undisturbed land where little 

vegetation other than scattered populations 

of various other weeds was found (Type 1). 

Distributions of the most common special- 

ized flower and seed head herbivores of C. 

soltitialis among site and climate types were 

analyzed using one way analysis of variance 
(AV1IW) in MSUSTAT (Lund 1988), in- 
cluding multiple comparison of means us- 

ing LSD (Student’s t test). 

A modified microbus served as a field lab- 
oratory as well as transportation during these 

surveys. At each visit to these sites insects, 

nematodes, and pathogenic fungi were col- 

lected in June from 50 plants of C. solsti- 

tialis, or other major plant species present, 

in addition to a 30-plant sample of any other 

related species of interest. These samples of 

each weed species were cooled by evapo- 

ration beneath a damp cloth in the microbus 

until they could be dissected, within 0.5 to 

2 days of collection. The plants were com- 

pletely dissected, including stem and roots, 
to find the associated insects. Some of the 
immature insects were placed in alcohol, 

whereas others were reared to adults in Tur- 

key or, during the 1984/85 winter, in the 

USDA-ARS Biological Control of Weeds 

Laboratory quarantine at Albany, CA, by 

Platts and Tait. During the last trip, 300 to 

500 flower or seed heads per species, de- 

pending on availability, were also collected. 

These capitula were brought back to Alba- 

ny, CA, where adult insects were allowed to 

emerge from them in quarantine. Dried 

nematode galls from A. repens and C. sol- 

stitialis were also transported to the U.S.A. 

for identification and research. Nematodes, 

pathogens, and insects were identified 
mainly by scientists with the USDA-ARS 
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(1) Insect Identification and Beneficial In- 

sect Introduction Institute or (2) the Foreign 

Disease Weed Science Research Labora- 

tory, but some insects were identified by 
English or European specialists. Plants were 
classified by Turkish weed scientists and 

botanists. The Centaurea species were also 

identified by G. Wagenitz. 

The organisms collected (Table 1) were 

sorted into guilds similar to those described 
by Zwoelfer (1988). Guilds were defined by 
(1) the plant part attacked, (2) external or 

internal feeding, and (3) the presence of gall 

formation. The degree of host specificity in 

collections was also noted and more such 

information was sought in the literature. 

RESULTS 

Acroptilon repens — Russian knapweed 

Thirteen herbivore species (Table 1) in 

eight guilds (sensu Root 1967) were asso- 

ciated with A. repens at one or more of the 

11 sites where this weed was sampled. Rus- 

sian knapweed was encountered mainly in 

or near the vilayets of Isparta, Denizli, Bur- 
dur, and Konya in the southwest but also 

in Nevsehir, Ankara, and Corum in central 

Turkey and in Erzurum to the northeast (Fig. 

1) (Table 1). The guilds consist of (1) a rust 

fungus, (2) a leaf- and stem-galling nema- 
tode, (3) a stem galling wasp, (4) two po- 

lyphagous homopterans, (5) a stem-, crown-, 

and root-mining fly, (6) four species of an- 

obiid beetles that probably feed on dry mat- 

ter in the seed heads (Imms 1957), (7) a 

tephritid that 1s a general seedhead feeder 
(Sobhian and Zwoelfer 1985), (8) an un- 

identified weevil that was reared from the 

capitula, and (9) an unidentified anthomyiid 

(Diptera) reared from the roots. 

Centaurea solstitialis — 

Yellow starthistle 

Yellow starthistle is very common in Tur- 

key; collections from 39 sites throughout 

Anatolia (Fig. 1) yielded 49 herbivores and 

pathogens attacking it (Table 1). Of these, 
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27 organisms in ten guilds are associated 
with the vegetative parts. These guilds in- 

clude (1) a leaf- and stem-galling nematode 
found on C. solstitialis near Sivas and on 

C. depressa Bieb. at Nevsehir; (2)a common 

rust fungus; (3) a parasitic plant, Cuscuta 

sp., collected only in Seyhan and Isparta; 
(4) seven common sucking buds; (5) cole- 

ophorid, gelechiid, and yponomeutid cat- 

erpillars (seldom more than one per site) 

reared from within the vegetation; (6) two 

leaf beetles, (7) two stem-boring ceramby- 

cids, (8) eight root-, crown-, and stem-bor- 

ing curculionids and apionids; (9) a root-, 

crown-, and stem-boring agromyzid; and 

(10) root-boring anthomyiids. 

Research on this annual plant has rightly 

emphasized the capitulum-attacking organ- 
isms for its biological control (Sobhian and 

Zwolfer 1985, Clement et al. 1989). Thirty 

of the Turkish herbivores were associated 

with the flower- and seed-heads (Table 1). 

They include flower feeding adults of one 
scarabaeid and three weevils plus the inter- 

nal feeders: (1) one gelechiid, (2) at least four 

species of bruchids, (3) four anobiids, (4) 

eight species of specialized weevils reared 

from the seedheads, (5) a nonspecific seed 

head fly, (6) seven specialized seed head flies 
(Sobhian and Zwo6lfer 1985, Clement 1990) 

and (7) a cynipid gall wasp. The anobiids, 

non specialized seedhead fly, and, perhaps, 

the seed beetles, whose adults have been 

collected from plants in other Asteraceae 

subtribes, are general feeders (Sobhian and 
Zwolfer 1985) while the others tend to be 

specialized feeders on Centaurea. The Ho- 

moptera and Hemiptera found feeding ex- 

ternally on the vegetative parts were also 

collected on the heads. 

Centaurea virgata ssp. squarrosa— 

Squarrose knapweed 

Arthropods and pathogens were collected 

from C. virgata ssp. squarrosa at ten sites 

in the villayets of Ankara, Nigde, Konya, 
Erzurum, Nevsehir, Isparta, Erzincan, and 

Yozgat. No herbivores were found on it in 
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Table 1. 

repens (Asteraceae) in Turkey, 1984. 

Herbivore 

Hemiptera 

Miridae 

Oncotylus viridiflavus (Goeze) 

Lygaeidae 

Metopoplax origani (Kolenati) 

Oxycarenus pallens (Herr.-Sch.) 

Spilostethus saxatilis (Scop.) 

Pentatomidae 

Carpocoris pudicus (Poda) 

Carpocoris lunulatus (Goeze) 

Dolycoris baccarum (L.) 

Scutelleridae 

Eurygaster integreceps Put. 

Odontotarsus sp. [or near] 

Odontoscelis sp. [or near] 

Homoptera 

Issidae 

Hysteropterum grylloides 

(Fabr.) 

Oliarus sp. 

Hymenoptera 

Cynipidae 

Aulacida acroptilonica Beliz 

Tsocolus sp. 

Lepidoptera 

Tortricidae: Olethreutinae 

Unknown sp. 

Gelechiidae 

Metzneria sp. 

Frequency in 
Collections! 

Common 

Rare 

Rare 

Rare 

Rare 

Rare 

Rare 

Occasional 

Rare 

Rare 

Occasional 

Occasional 

Locally 

common 

Rare 

Rare 

Occasional 

Guild’ 

ECT 

General 

ECT 

Seeds 

ECT 

Flowers 

ECT 

Leaf, Stem 

ECT 

General 

ECT 

General 

ECT 

General 

ECT 

General 

ECT 

General 

EGr 

General 

ECE 

Capitulum 

ECT 

Capitulum 

END 

Stem gall 

Capitulum gall 

END 

Capitulum 

END 

Capitulum seed 

feeder 

Host Plant 
Specificity’ 

Turkish insects, pathogens, and nematodes associated with some Centaurea species and Acroptilon 

Sources* 

Cs, Cc; Centaurea Pers.; G. Ya. Bei- 

spp. 

Cs; Asteraceae: 

Helichrysum, 

Achillea, etc. 

Cs, Cc; Asteraceae 

Cv 

Ar, Cs, Cvs; 

weeds, small 

Ss 

fruits 

Cvs 

Ar; weeds, small 

fruits 

Cs; Polyphagous: 

grasses & sedges 

Cs; Polyphagous: 

Labiatae & 

Umbelliferae 

Cvs; Polyphagous 

Go; 

Cs 

Cs 

Gs 

, Cs, Cvs 

Cs 

Bienko et al. 1964 

Pers.; G. Ya. Bei- 

Bienko et al. 1964 

Pers.; G. Ya. Bei- 

Bienko et al. 1964 

Pers. 

Pers.; Della Beffa 

1961 

Pers. 

Pers.; Della Beffa 

1961 

Pers.; G. Ya. Bei- 

Bienko et al. 1964 

Pers.; G. Ya. Bei- 

Bienko et al. 1964 

Pers.; G. Ya. Bei- 

Bienko et al. 1964 

G. Ya. Bei-Bienko et 

al. 1964 

Pers. 

Pers. 

Watson 1980; O. V. 

Kovalev 

Pers: 

Pers.; R. W. Hodges 

Pers.; R. W. Hodges 
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Table 1. Continued. 

Herbivore 

Pterolonchidae 

Pterolonche inspersa Staud. 

Coleophoridae 

Coleophora sp. 

Coleoptera 

Scarabaeidae 

Glaphyrus sp. 

Anobiidae 

Lasioderma spp. 

Species | 

Species 2 

Species 3 

Species 4 [near L. /aeve (Il- 

liger)] 

Species 5 

Species 6 

Species 7 

Tenebrionidae 

Gonocephalum pusillum (F.) 

Mordellidae 

Unidentified species 

Cerambycidae 

Agapanthia lateralis Ganglb. 

{or very near] 

Frequency in 
Collections! 

Occasional 

Occasional 

Rare 

Common to 

occasional 

Rare 

Rare 

Rare 

Phytoecia scapulata Mulsant [or Occasional 

near] 

Phytoecia scapulata Mulsant 

Phytoecia spp. 

Species | 

Species 2 

Species 3 

Species 4 

Bruchidae 

Bruchidius tuberculatus (Hoch.) 

Rare 

Occasional 

Occasional 

Occasional 

Rare 

Common on 

Cc 

Occas. on Cs 

Bruchidius obscuripes (Gyllen.) Occasional 

Bruchidius sp. Common 

Bruchidius bituberculatus Sch. Occasional 

Guild 

END 

Root borer 

END/EXT 

Leaf miner 

ECT 

Flowers 

END 

Capitulum 

END 

Stems 

END 

Stems 

END 

Stems 

END 

Stems 

END 

Stems 

END 

Stems 

END 

Capitulum 

END 

Capitulum 

END 

Capitulum 

END 

Capitulum 
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Host Plant 
Specificity’ Sources* 

Cvs; Centaurea Pers.; Dunn et al. 

spp. 1989 

Cs Pers. 

(es Pers: 

R. E. White 

Cs, Cc, & Ar; dry Pers.; Imms 1957 

plant material 

Cs 

Cs, Ce, Ar 

Cc, Ar 

Cs, Ce, Ar 

Ce 

Ar 

Cs 

Cvs Pers.; T. J. Spilman 

T. J. Spilman 

Gs; ‘Cc, & Cp 

J. M. Kingsolver 

Ce; Cs 

Gs; i€s 

Cs 

(contaminant?) 
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Table 1. Continued. 
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Frequency in Host Plant 
Herbivore Collections! Guild’ Specificity* Sources* 

Bruchidius sp. Occasional END Cs 

Capitulum 

Chrysomelidae R. E. White 

Cassida sp. Rare EGYr Cs, Ar 

Foliage 

Cassida rubiginosa Muller Occasional ECT Cp 

Foliage 

Cassida sp. [not C. rubiginosa Occasional ECT Sm 

or deflorata] Foliage 

Psylliodes sp. Rare ECT: Cs 

Foliage 

Curculionidae D. R. Whitehead; 

Ter-minasyan 

1978 

Lixus (Dilixellus) algirus (L.) Rare END Cp; Polyphagous 

Stems 

Lixus (D.) speciosus Miller Rare END Cs; Hosts prev. 

Stems unknown 

Lixus (Lixochelus) cardui Oliv. Occasional END Oa, Cn; Oa, Cou- Pers.; Ter-minasyan 

Stems sinia 1978 

Lixus (L.) elongatus (Goeze) Rare END Cp, Cirsium spp., Pers.; Ter-minasyan 

Stems Carduus acan- 1978 

thoides 

Eustenopus hirtus (Boheman) Common END/EXT Cs Clement 1990 

Capitulum, Bud 

Cleonus (Cyphocleonus) sp. Rare END Cvs 

[possibly achates] Root 

Sitona spp. Rare END Cp, Cs, Cn spp.; — Pers.; Balachowsky 

Stems Leguminosae 1963 

Sibinia sp. Rare END Gs 

Capitulum 

Tychius spp. Rare END Cs, Ar; Legumi-  Pers.; Balachowsky 

Capitulum nosae 1963 

Hypera sp. Rare END Cvs, alfalfa; Po- Pers. 

Crown epidermis lyphagous 

Psalidium maxillosum (Fabr.) Rare END Cvs; Cs, Helian-  Pers.; Balachowsky 

Root thus annuus 1963 

Outorhynchinae 

Unknown species Rare EXT Cvs Pers. 

Root 

Bangasternus fausti (Reitter) Occasional END Cox€vs Pers.; Colonnelli and 

Capitulum Whitehead 1990 

Bangasternus orientalis (Cap.) Common END CiiGs, ic Colonnelli and 

Capitulum Whitehead 1990 

Bangasternus orientalis form Common END GssGc Pers. 

[but small like B. fausti] Capitulum 
Larinus curtus Hochhuth Occasional END Cs Clement 1990 

Capitulum 

Larinus minutus Gyllenhal Common END Ge; '‘Gvs Sohbian and Zwoel- 

Capitulum fer 1985 

Larinus minutus [distinct fr. Rare END Ce Ter-minasyan 1978 

Greek biotype] Capitulum 

Larinus sp. Rare END Cp Pers. 

Root 
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Table 1. Continued. 

Frequency in Host Plant 
Herbivore Collections! Guild Specificity’ Sources* 

Larinus sp. [not L. planus] Rare EXT Centaurea sp. Pers: 

Various 

Larinus sp. [near L. grisescens Rare EXT Cs Pers. 

Gyll.] Various 

Larinus sp. [near L. longirostris Rare EXT Cs Pers. 

Gyll.] Various 

Larinus latus (Herbst) Common END Ci, Cn, Oa, Car- Ter-minasyan 1978; 

Stems duus spp. D. R. Whitehead 

Apionidae Alonso-Zarazaga 

1990 

Ceratapion basicorne (Illiger) Common on END Cs, Cvs 

Cs Root, Crown, 

Rare on Cvs Lower stem 

Ceratapion orientale (Gerst.) Rare END Gs 

Root, Crown, 

Lower stem 

Ceratapion scalptum (Muls. & Rare on Cs END CsyGe 

Rey) Occas. on Root, Crown, 

Ce Lower stem 

Ceratapion onopordi (Kirby) Rare END Cc, Carduus sp., 

Root, Crown, Cirsium sp. 

Lower stem 

Ceratapion species [near C. Rare END Carduus sp. 

carduorum] Root, Crown, 

Lower stem 

Ceratapion tumidum (Ste- Rare END Cirsium sp. 

phens) sensu lato Root, Crown, 

Lower stem 

Diplapion detritum (Muls. & Rare END Cs 

Rey) Root, Crown, 

Lower stem 

Diptera 

Tephritidae A. L. Norbom; 

White and Korne- 

yev 1989; Sobhian 

and Zwoelfer 1985; 

Clement 1990 

Acanthophilus helianthi Rossi. Common END Ar;/Gc;, ‘Cs, ‘Cvs: 

Capitulum Polyphagous 

Chaetorellia sp. [poss. C. hex- Widespread END Gs; Ceior ‘Gi I. M. White 

achaeta ssp. australis Her- Capitulum 

ing] 
Chaetorellia sp. [poss. C. isais Common END Gs;Cc’or Ei 

Hering or australis Hering] Capitulum 

Chaetorellia succinea (Costa) Common END (Ge White and Mar- 

Capitulum quardt 1989 

Chaetorellia sp. Rare END GesCs 

Capitulum 

Terellia sp. virens complex Common END Gc,'Gs Groppe and Mar- 

Capitulum quardt 1989 

Terellia zerovae Korneyev Rare END Co;Gs 

Capitulum 

Terellia sp. Rare END Cs 

Capitulum 
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Table 1. Continued. 

Frequency in Host Plant 
Herbivore Collections Guild Specificity’ Sources* 

Terellia uncinata White Widespread END Cs 

Capitulum 

Terellia sp. Rare END Ce 

Capitulum 

Urophora sp. [prob. U. siru- Common END Cs 

naseva (Hering)] Capitulum 

Urophora sp. [prob. U. affinis Rare END Cs 

(Frauenfeld)] Capitulum 

Urophora quadrifasciata (Mei- Common END Gc; Cvs 

gen) Capitulum 

Urophora affinis calcitrapae Occasional END Ges; ‘Cvs 

White & Korneyev Capitulum 

Urophora affinis affinis (Frau.) Rare END Cvs 

Capitulum 

Urophora sp. [prob. U. quad- Rare END Cs 

rifasciata (Meigen)] Capitulum 

Urophora sirunaseva (Hering) Rare on Cc, END Cc, Cvs, Cs 

Cvs, Com- Capitulum 

mon on 

Cs 

Agromyzidae 

Napomyza lateralis (Fallen) | Common END Ar, Ca, Cc, Cs 

Stem, Root, 

Crown 

Nematoda W. Friedman 

Anguinidae 

Subanguina picridis (Kirjano- Common END Ar 

va) Brzeski Stem & leaf gall 

Subanguina montana (Kirja- Rare END Cd, Cs 

nova & Ivanova) Brzeski Stem & leaf gall 

Basidiomycotina [Club Fungi] W. L. Bruckart 

Uredinales 

Puccinia punctiformis (Strauss) Common END/EXT Ga 

Roehl [= P. suaveolens] Leaf/stem rust 

Puccinia sp. Widespread END/EXT Ar, Cc 

Leaf/stem rust 

Puccinia jaceae Otth Widespread END/EXT Ca, Cc, Cs, Cvs Bruchart 1989 

on Ca, Cc, Leaf/stem rust, 

Cs; Rare Root collar (?) 

on Cvs 

Puccinia carduorum Jacky Common END/EXT Cn, Cp 

Leaf, Stem 
a 

' Rare = collected or recorded at one or two sites; occasional = collected or recorded at fewer than one fourth 
of the sites; common = collected or recorded at one fourth to one half of the sites; locally common = seldom 
found but numerous where encountered; widespread = collected or recorded at more than one half of the sites 

(scheme adapted from Goeden and Ricker 1986). 
> END = endophagous and ECT = ectophagous. 

3 Ar = Acroptilon repens; Cn = Carduus nutans; Cp = Carduus pycnocephalus, Ce = Centaurea calcitrapa; 

Cd = Centaurea depressa; Ci = Centaurea iberica; Cs = Centaurea solstitialis, Cvs = Centaurea virgata ssp. 
squarrosa; Ca = Cirsium arvense, Oa = Onopordum acanthium; and Sm = Silybum marianum. 

+ Pers. = personal record. Used only where no published information about the herbivore’s hosts was found 

or where our findings differ from published reports. 
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Konya, or Erzincan, but 20 herbivores and 

diseases were found at the other eight sites 

(Table 1). Large collections of seed heads 

were made only at Bor (Nigde) and west of 

Yozgat. The guilds associated with squar- 
rose knapweed consisted of: (1) three gen- 

eral feeders in the Homoptera and Hemip- 

tera; (2) a seedhead feeding tephritid; (3) a 
leaf-feeding weevil; (4) an internal root- 
feeding curculionid; and (5) an otiorhyn- 

chine weevil that feeds externally on the 
root. More specialized organisms include (1) 

a rust fungus; (2) four seedhead flies; (3) two 

seedhead weevils; (4) a seedhead wasp; (5) 

a stem and crown moth: (6) a characteristic 

gallina bend of the stem, apparently formed 

by a cynipid; (7) a root-boring weevil; and 

(8) a large root-boring weevil. 

Centaurea calcitrapa ssp. cilicica— 

Purple starthistle 

Collections were made on C. calcitrapa 

ssp. cilicica at seven sites in the villayets of 

Adana, Mersin, Nevsehir, and Erzincan. The 

vegetative parts of this plant were infested 

with (1) a rust fungus; (2) four general feed- 

ing mirids, lygaeids, aphids, and anthocor- 

ids; (3) stem-feeding mordellids; (4) stem- 

and root-feeding apionid, buprestid, and 

cerambycid beetles; (5) cecidomyid stem 

feeders; and (6) an unidentified Lepidop- 

tera. 
The capitula of purple starthisle were at- 

tacked by (1) five weevils; (2) a bruchid; (3) 

an anobiid; (4) at least two lygaeids; (5) a 

cynipid; and (6) a gelechiid. 

Centaurea iberica— 

Iberian starthistle 

C. iberica had a fauna similar to that of 
the previous species where collections were 

made at Erzurum and Antalya except that 

no Lepidoptera, nematodes, or rust fungi 

were associated with it (Table 1). The same 

apionid attacked the stems of this plant at 

both sites. Flowers and seed heads were in- 

fested with (1) a general feeding seedhead 
fly; (2) six more specialized seedhead flies; 

NA 

(3) two seed head weevils; and (4) antho- 

corids. 

DISCUSSION 

Subanguina picridis formed galls on A. 

repens at seven sites with densities reaching 

62.4 galls/stem at Seydisehir (IV4). The 

Turkish S. picridis collected in 1984 was 

found to be host specific to species of Cen- 

taurea and Acroptilon when tested in quar- 

antine at Albany, CA (Rosenthal 1989), 

confirming its safety for release in the U.S.A. 

and its ability to infect American A. repens. 

This nematode is multiplied in the field and 

used regularly as an augmentative biological 

control for Russian knapweed in the USSR 
(Kovalev et al. 1973). In North America, it 

was imported from the USSR and first re- 

leased and established during 1977-1978 in 

Canada (Watson and Harris 1984). It has 

been released in Washington state since 1984 

(Rosenthal and Piper 1992, In Press) and 

in Oregon and Montana since 1990 (Ro- 

senthal et al. 1993). S. picridis has survived 

in the field in Washington and Montana for 

three seasons (Rosenthal et al. 1993). Turk- 

ish nematodes were also released in Wyo- 

ming during 1991 and had formed galls on 

Russian knapweed there by March 1992 

(Rosenthal, unpublished data). Turkey has 

been a valuable source of the nematode for 

laboratory research and for releases in the 

WSzA: 

Stem galls of Aulacida acroptilonica were 

collected on Russian knapweed in June and 

July at six sites. They were especially com- 
mon in Konya (13 galls/50 stems) (VI4) and 

Burdur (18 galls/30 stems) (IV4). This wasp 

also occurs on Russian knapweed in the 

USSR (Watson 1980). This gall former is 

likely to be host specific and damaging to 
its host, although its annual life cycle makes 

it difficult to study. 
The rust fungus, Puccinia sp., was found 

on A. repens foliage at seven locations in the 

vilayéts of Konya, Denizli, Ankara, Corum, 
and Erzurum beginning in June. It infested 
up to 100% of the 50 stems sampled at Hor- 
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asan (Erzurum) and was impressively dam- 

aging in a vineyard at Dazkir (Denizli) (IV) 

where there was an apparent systemic in- 

fection of the weed by late June. The leaf 

and stem fungus P. acroptili Syd. is already 

associated with 4. repens in Canada, the 

U.S.A., and the USSR (Watson 1980). The 
eleven other insects in the Hemiptera, Ho- 

moptera, Coleoptera, and Diptera associ- 

ated with 4. repens (Table 1) are general 

feeders or feed only on dry plant material 

(Anobuidae) and, thus, are of no interest for 

biological control of Russian knapweed. 
Only the rust fungus, the stem galling 

wasp, and the gall-forming nematode ap- 

pear sufficiently host specific to be used as 

biological control agents for Russian knap- 
weed in North America. However, Watson 

(1980) reports that in the USSR there is also 

a monophagous, eriophyid seed head mite, 
Aceria acroptiloni V. Shev. & Kov., three 

stenophagous curculionids, Larinus bardus 
Gyll., L. jaceae Fabr., and Rhynchaenus dis- 

tans Faust, that attack the seed heads; a ste- 

nophagous bud gall forming cecidomyiid, 

Dasyneura sp. (Cecidomyiidae), and two te- 

phritid seed head flies, Urophora maura 

(Frfld.) and U. kasachstanica V. Richter. 

From zero to 13 herbivores were found 

on the vegetative parts of yellow starthistle 

at different sites. The number of herbivore 
species collected on C. solstitialis was nei- 
ther related to differences in climate (F = 

.80; mean species/site with different cli- 

mates ranged from 2.60 to 4.64 species) nor 

to the amount of disturbance at different 

sites (F = .30; mean herbivore species/site 

in each of the three damage categories ranged 

only from 3.35 to 4.20). The proportion of 

damaged plants was not related to total 

number of species (R = .80, F = 54.33) at 

different sites. In particular, the Apionidae 

may infest a large proportion of plants (up 

to 97% of the population south of Corum), 

but at most locations fewer than 20% of the 
plants were infested by the Ceratapion spe- 

cies. Their damage was found in 50 to 97% 

ofthe plants at 13 sites by June. Their ability 
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to destroy yellow starthistle is questionable 

(Clement et al. 1989). The stem-boring Cer- 

ambycidae and Curculionidae and the rust 

fungus may deserve further study. 

The most common flower- and seed-head 
feeders reared from C. solstitialis in Turkey 
were the seedhead beetles, the anobiids, the 

seed weevils, the seedhead flies, and the gall 
wasps. Torymidae were common, but not 

numerous and could have been parasitic 

rather than herbaceous. Of these, popula- 

tion sizes of the seed beetles, the gall wasps, 
and Terellia spp. did not differ significantly 

throughout the various Turkish climatic ar- 

eas in 1984 and were found at sites ranging 

from type IV;, IV, IV,, VII, to X. U. sp. 

prob. sirunaseva and Chaetorellia spp. pop- 

ulations were significantly higher, at the 5% 

level, in the cold, montane area near Er- 

zurum (F = 21.13 and 6.57, respectively). 

There was no relationship between the 

number of insect species infesting capitula 

and the degree of land disturbance. 
The fauna of yellow starthistle in Turkey 

appears to be at least as diverse as the 43 

species found associated with whole plants 

in southern Europe by Clement (1990) and 

includes the 20 species that exploit its ca- 

pitula in Greece and western Turkey (Sob- 

hian and Zwé6lfer 1985). This is not sur- 

prising due to the diverse geography and 

climate of Turkey (western Turkey is part 

of the Ponto-Mediterranean area [Sobhian 

and Zwolfer 1985]) and the relatively large 
number of Centaurea species (Wagenitz 
1975) found there. Because Urophora sp. 

probably sirunaseva and Chaetorellia sp. 

were significantly more abundant in a cold, 
montane part of Turkey, such flies may in- 

crease most readily on their host in the colder 

parts of the C. solstitalis range in North 

America. Eurytoma spp. (Hym.: Eurytom- 

idae) were also commonly obtained from 

yellow starthistle heads, particularly in the 

montane region. As a known parasite of U. 

sirunaseva, this gall fly may be far more 

abundant than the above data indicate. 
From one to ten herbivore species were col- 
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lected per site on the vegetative growth of 

yellow starthistle, but no influence of local 

climate or land use (degree of disturbance) 

was found on the number of species. 

The insects associated with C. solstitialis 
have been studied in Europe since the 1950s 
and most of the herbivores found on this 
plant in Turkey during 1984 had already 

been described. However, some new species 
and new species combinations of Apionidae 

(Alonzo-Zarazaga 1990), Curculionidae 

(Colonnelli and Whitehead 1990), and Te- 

phritidae (White 1989) were found as the 

specimens collected in 1984 were being 
identified. Turkey is a rich source of seed 

head flies, weevils, wasps, pathogens, and 

nematodes that are considered promising 

biological controls for this weed. One strain 

of P. jaceae found there in 1984 appears to 

be particularly virulent against its host in 

the U.S.A. (Bruckart 1989). 

Turkey is a good source of biological con- 

trols already cleared for knapweeds and 

starthistles, particularly the Russian knap- 

weed nematode, S. picridis, and the various 

seed head insects being studied or released 

against C. solstitialis, and many new isolates 
of the rust fungus, P. jaceae, were found on 
the different Centaurea spp. While rusts were 

also found on species of Carduus and Cir- 
sium, these rusts were identified as P. car- 

duorum Jacky and P. punctiformis (Strauss) 

Roehl (= P. suaveolens), respectively. 

While emphasis on seed feeders is a good 

strategy to use against the annual yellow 

starthistle, more attention should be paid 

to the herbivores associated with other plant 

parts. In particular, the gall-forming nem- 

atodes and Cynipidae, pathogens, and larger 

stem boring beetles would be useful for bi- 

ological control if they are sufficiently host 
specific. Mordellidae were found only in the 

stems of C. calcitrapa. They may be stress- 

ing their host sufficiently to further reduce 
seed production and competitive ability or 

they may allow the entrance of herbivores 

or pathogens that would further weaken the 
plants. 
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Many of the species associated with 

squarrose knapweed are specialized or oli- 

gophagous feeders and some of them, U. 

affinis, U. quadrifasciata, B. fausti, L. minu- 
tus, and P. inspersa or the closely related 

seed head fly, Chaetorellia hexachaeta aus- 
tralis, have already been released in the 

U.S.A. for control of other Centaurea spp. 

(Rosenthal et al. 1991). These could be re- 

leased against squarrose knapweed in North 

America with relatively little effort. Squar- 

rose knapweed is becoming a serious prob- 

lem in the northwestern U.S.A. where it ap- 

pears to be spreading, especially where sheep 

are raised (Roche and Roche 1991). Because 

squarrose knapweed is a good host for them, 

releases of the two Urophora species and of 

P. inspersa should be encouraged in these 

areas to help control this weed. 
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NOTE 

A replacement name for a species of 
Megaselia (Diptera) 

Upon synonymizing the genus name 

Plastophora Brues with Megaselia Rondani, 
Disney (1978, Zeitschrift fiir Angewandte 
Zoologie 65: 313-319; 1986, Journal of 

Natural History 20: 777-787) created some 

homonyms. Most of these already have been 

dealt with (Disney 1985, Entomologist’s 

Monthly Magazine 121: 97; 1986, Journal 
of Natural History 20: 777-787), but one 

remains: Plastophora tarsalis Borgmeier 

(1970, Studia Entomologica 13: 465-470) 
became a junior secondary homonym of 
Megaselia tarsalis (Wood) (1910, Entomol- 

ogist’s Monthly Magazine 46: 243-249), I 

propose the replacement name M. pabloi 
(new name), to recognize the collector of 

this fly, Pablo Schild. The holotype is a fe- 

male, collected in Costa Rica, and is housed 

in the Museum of Zoology of the University 
of Sao Paulo, Brazil. 

Brian V. Brown, Entomology Section, 
Natural History Museum of Los Angeles 

County, 900 Exposition Boulevard, Los An- 

geles, California 90007. 
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NOTE 

Additions and corrections to the 

Ephemeroptera of Alaska 

McCafferty (1985. Proceedings of the En- 
tomological Society of Washington 87: 38 1- 

386) listed 17 nominal species of mayflies 

from Alaska. An additional eight species 

found in the Yukon were listed as highly 

probable Alaskan residents. Since then, 
Brachycercus arcticus Soldan was described 

from Alaskan material by Soldan (1986. 

Acta Universitatis Carolinae, Biologica 5-6, 

1982-1984: 289-362), and Baetis tricau- 

datus Dodds and B. bicaudatus Dodds were 
noted in an Alaskan ecological study by Mil- 

ner (1987. Freshwater Biology 18: 53-70). 

Brachycercus represents a new generic rec- 
ord for the region. I have recently confirmed 

the B. bicaudatus record with a large series 

of larvae taken by R. W. Baldwin in 1991 
at Answer Creek near Talkeetna, Alaska 

(62°17'N, 149°35'W). None of these addi- 

tional Alaskan species have been reported 

from the Yukon. 

Ephemerella inermis Eaton was first re- 

ported from Alaska by Edmunds, Jensen 

and Berner (1976. The mayflies of North 
and Central America. University of Min- 

nesota Press). However, according to data 

given by Johnson (1978. Pan-Pacific En- 

tomologist 54: 19-25), the symmorphic spe- 

cies E. infrequens McDunnough should be 

the species represented in Alaska, not FE. 

inermis. 

Morihara and McCafferty (1979. Pro- 

ceedings of the Entomological Society of 
Washington 81: 34-37) synonymized the 

North American species Baetis bundyae 
Lehmkuhl with the European species Baetis 

macani Kimmins, recognizing it instead as 

a geographic subspecies B. macani bundyae 

in North America (including Alaska). Re- 

cently, Engblom (pers. comm.) has con- 

firmed that both typical macani populations 

and typical bundyae populations are sym- 

patric in Scandinavia. This fact suggests that 

subspecies recognition is not valid, but in- 

stead that one variable species or two spe- 

cies are represented. Because the strictly 

typical macani form has not been found in 

North America, I am here recognizing B. 

bundyae s. auctt. again as the valid North 

American species. Thus it, not B. macani, 

should appear on the Alaska list. 

A previous record of Metretopus borealis 

(Eaton) larvae in Alaska, given by Berner 

(1978. Transactions of the American En- 

tomological Society 104: 91-137) was 

missed by McCafferty (1985). Based on Ber- 

ner’s Figure 43, this record is actually re- 

ferable to M. alter Bengtsson and as such 

represents the first North American record 

of this otherwise Palearctic species. 

Several of the Alaskan species have been 

shown to be circumpolar (McCafferty 1985; 

Flowers. 1986. Entomological News 97: 

193-197). I recently have seen material of 

B. bicaudatus from Siberia, and thus this 

common western North American species 

should be added to those species known to 

be Holarctic. 

This paper has been assigned Purdue Ex- 

periment Station Journal No. 13750. 

W. P. McCafferty, Department of Ento- 

mology, Purdue University, West Lafayette, 
Indiana 47907. 
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NOTE 

The synonymy of Gerris comatus comatus 

Drake and Hottes and 

Gerris comatus mickeli Drake and Hottes 

(Heteroptera: Gerridae) 

Drake and Hottes (1925. Ohio Journal of 

Science 25: 48) described Gerris (Gerris) 

comatus from Estes Park, Colorado (holo- 
type, macropterous male, USNM) and in 

the same year they described Gerris comatus 

var. mickeli (1925. Proceedings of the Bi- 
ological Society of Washington 38: 72) from 

Rochester, Minnesota (holotype, brachyp- 

terous female, USNM). Varieties proposed 

before 1961 have standing as subspecies un- 

less specifically noted otherwise, thus the 
variety mickeli must be considered to be a 

valid species group name. 

Drake and Hottes proposed this variety 

based on brachypterous females with a ru- 

fous stripe on the lateral margin of the an- 
terior pronotal lobe, which is lacking in all 

males and macropterous females seen to 

date. In brachypterous females examined 

the venter is also usually much lighter than 

in macropters. Drake and Harris (1928. 

Ohio Journal of Science 28: 269-278) later 
found brachypterous females of this variety 

in Oregon and Colorado, and pointed out 

that males and macropterous females of 

mickeli were unknown. 

In series from Colorado (Chaffee Co., Mt. 
Princeton Hot Spgs., CL 486, VI-27-1970, 

JTP) and New Mexico (Sandoval Co., Re- 

gina, CL 266, VIII-25-1963, JTP) both va- 
rieties are present, thus these cannot be held 

as subspecies, and should not even be con- 

sidered as varieties as they are simply 

morphs occurring in single breeding popu- 
lations. Gerris comatus mickeli Drake and 

Hottes 1925 is therefore synonymized with 
Gerris comatus Drake and Hottes 1925, New 

Synonymy. 

Biggam and Stock (1988. Pan-Pacific En- 

tomologist 64: 359-363) showed that a very 

similar phenomenon occurs in Gerris in- 

curvatus Drake & Hottes, where brachyp- 

terous early season (July) females often have 

a rufous stripe on the anterolateral pronotal 

margins, and occasionally macropterous fe- 

males and males possess it also. In their 

investigations they failed to find either bra- 

chypters or striped specimens later in the 

season (August), thus they consider the 

striped morph to be seasonal. Electropho- 

retic comparisons with the closely related 
Gerris buenoi Kirkaldy showed that all wing 
morphs and color forms of Gerris incurvatus 

indeed belonged to a single species. The late 

season series of Gerris comatus from Re- 

gina, New Mexico containing both color 
forms and wing morphs indicates that in 

this species seasonality is not a determining 

factor. 

John T. Polhemus, University of Colorado 

Museum, 3115 S. York, Englewood, Colo- 

rado 80110. 
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NOTE 

The correct spelling of the scientific name 

for the brown citrus aphid 

In 1907, Kirkaldy (1907. Proceedings of 

the Hawaiian Entomological Society 1: 99- 

102) described Myzus citricidus and report- 

ed that it was similar to Myzus cerasi, that 

it was very common on Citrus throughout 

the Hawaiian Islands, and that it was prob- 

ably an introduction from China. 

This aphid is commonly called the brown 

citrus aphid (BrCA), in contrast to the black 

citrus aphid (BICA), Toxoptera aurantii 

(Boyer de Fonscolombe), and has long been 

known to occur in south eastern Asia, Aus- 

tralia, New Zealand, the Pacific Islands, 

southern Africa, and subtropical and warm 

temperate parts of South America. Until re- 

cently, the brown citrus aphid was not 

known to occur in the citrus-growing area 

of the Middle East, the Mediterranean Re- 
gion, the Caribbean, or Central and North 

America. However, in 1991, one alate brown 

citrus aphid was collected in a yellow pan 

trap in melon fields in Costa Rica (Voegtlin, 
D. & W. Villalobos M. 1992. Florida En- 

tomologist 75(1): 161-162). 

In 1992, I identified several brown citrus 
aphids from collections in Costa Rica, Do- 

minican Republic, Haiti, Nicaragua, and 

Puerto Rico. In April 1993, I identified sev- 

eral brown citrus aphids from collections in 

Guantanamo Bay, Cuba, and in Jamaica. 
While this aphid is still not known to occur 

in the continental United States, it is ap- 

parent that it could soon reach the citrus- 

growing areas in the southern United States. 

Because this aphid is of great economic 
concern, it is important to settle questions 

concerning the spelling of the specific epi- 

thet. Clearly Kirkaldy intended “‘citrus-kill- 
er” as the specific name; and as such, the 

spelling of the species name should have 

been citricida, which, as a verbal noun in 

apposition, would retain its proper ending 

whatever the gender of the generic name 

with which it is combined. The spelling of 

citricida is like that in fratricida, homicida, 
patricida, and suicida which are all nouns 

derived from verbs, which do not change 

for gender accord, and from which come 
such words as fratricidal, homicidal, patri- 

cidal, and suicidal. However, Kirkaldy used 

citricidus which is a latinized adjective with 

a masculine ending to agree with the genus 

Myzus; and, according to Article 32c (11) of 

the Code (International Code of Zoological 
Nomenclature, Third Edition. 1985. Uni- 

versity of California Press, Berkeley) incor- 

rect latinization is not to be considered an 

inadvertent error. 

The genus 7oxoptera Koch (1856. Nurn- 

berg. Heft 8: 237-274) is derived from the 
Greek words toxon meaning bow and ptero- 

meaning wing and is feminine. According 
to Article 31b of the Code (Idem.), an ad- 

jectival species name must agree in gender 

with the generic name with which it is com- 

bined. Therefore, the correct scientific name 

for the brown citrus aphid is 7. citricida 

(Kirkaldy). 

For their comments on this note, I thank 
D. J. Voegtlin (Illinois Natural History Sur- 

vey, Champaign, Illinois 61820), G. C. 

Steyskal (retired, 3654 N.W. 51st Terrace, 

Gainesville, FL 32606); and A. S. Menke 

and F. C. Thompson (Systematic Entomol- 

ogy Laboratory, ARS, USDA, % National 

Museum of Natural History, Washington, 

D.C. 20560). 

Manya B. Stoetzel, Systematic Entomol- 
ogy Laboratory, ARS, USDA, Building 004, 
Room 6, BARC-W, Beltsville, Maryland 
20705. 
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OBITUARY 

Kary Cadmus Emerson 

(1918-1993) 

K. C. Emerson, 14 November 1966 (Courtesy of the 

United States Army). 

Kary Cadmus (K. C.) Emerson of Sanibel, 
Florida, died after a lengthy illness on June 

23, 1993, at the age of 75. K. C. was born 

in Sasakwa, Oklahoma, on March 13, 1918, 

and attended public schools in Ada, Beggs, 
and Cromwell, Oklahoma, subsequently 

obtaining 3 degrees from Oklahoma State 

University—BS (1939), MS (1940), and 

Ph.D. (1949). After graduation from Okla- 

homa State University with a BS degree, he 

married the former Mary Rebecca Williams 

of Enid, Oklahoma, and started several ca- 

reers simultaneously. 

K. C. entered the U.S. Army before World 

War II as an infantry officer and left the 

service as a colonel in October, 1966. Dur- 
ing that time, he served in the Philippines, 

was captured by the Japanese Army, made 

the Bataan Death March, and spent several 

years in prisoner-of-war camps in the Phil- 

ippines, Formosa, and Japan. Later, he 

served in Germany in several positions in 

the 2nd Armored Division. He received 

awards from Philippine, Korean, and U.S. 

Army officials for his outstanding service. 

He taught at Oklahoma State University, 
the U.S. Army Command and General Staff 

College, and the Far East Branch of the Uni- 

versity of Maryland Overseas Program. He 

also advised and assisted graduate students 

on their research at Harvard University, 

Cornell University, Texas A&M Universi- 

ty, and the Universities of New Hampshire, 
Maryland, Oklahoma, California (Berke- 

ley), and Lucknow (India). He held an ap- 

pointment of Adjunct Professor at Okla- 
homa State University beginning in 1971. 

Asa U.S. Government official, he served 
(1) with the United Nations Command 

Component of the Armistice Commission 

in Korea, (2) as the U.S. Representative on 

the NATO Panel on Long-term Scientific 

Studies, (3) as the Army Member on the 

Department of Defense Committees, (4) on 

Research, Management of In-House Lab- 

oratories, Management of Federal Contract 

Research Centers, and Manpower Research 

Planning, (5) on the Interagency Panel on 

Systematics and Taxonomy, and (6) on nu- 

merous lesser known governmental com- 

mittees. He was the Research Assistant to 

the Assistant Secretary of the Army and, as 
such, actively participated in the manage- 
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ment of all Army-sponsored research. One 

of his accomplishments was the transfer of 

the Biological Warfare facilities at Fort De- 
trick, Maryland, to the National Institutes 
of Health so that the enlarged cancer pro- 

gram could be executed in the finest facili- 

ties available. He also arranged for the 
transfer of the Biological Warfare facilities 

at Pine Bluff, Arkansas, to the Food and 

Drug Administration for establishment of 
a National Toxicological Research Center. 

As a biologist, his early interest was in 
medical and veterinary entomology, which 

he studied under Lloyd E. Rozeboom and 

Darrel E. Howell. In recognition of limited 

facilities for research that he would have as 

he traveled after World War II, he concen- 

trated on the taxonomy, ecology, and dis- 

tribution of ectoparasites, especially the 

chewing and sucking lice (Phthiraptera). He 

studied collections at the British Museums 

in London and Tring, the California Acad- 

emy of Science, Stanford University, Uni- 
versity of California (Berkeley), University 

of Kansas, the U.S. National Museum, and 

smaller collections in Formosa, Germany, 

the Philippines, and several universities in 

the U.S. When he started his research on 

chewing lice, their taxonomy was in a cha- 
otic state. He worked with Theresa Clay and 

G. H. E. Hopkins on the preparation and 

publication of their checklist, which did 

much to put taxonomy of this group of ec- 

toparasites on a firm scientific basis. He lat- 

er published checklists of North American 

Mallophaga. In nearly 45 years of active 
research, he published more than 180 sci- 

entific books and articles in the U.S., Can- 
ada, India, Australia, South Africa, Den- 

mark, Thailand, and England. He described 

1 new family, 11 new genera and subgenera, 

and over 200 new species and subspecies of 

lice. Over 25 taxa of insects have been 

named in his honor. He served on the Coun- 

cil of the Biological Society of Washington. 

His collection and scientific library were 

given to Oklahoma State University in 1970 

and they are now part of The K. C. Emerson 
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Entomology Museum there. After his arriv- 

al in Washington D.C. in 1959, he was ap- 

pointed Collaborator with the Department 

of Agriculture and Research Associate with 

the U.S. National Museum. During his ten- 
ure in those positions, he rearranged the 

chewing and sucking louse collections, 

greatly enlarging both, and made identifi- 

cations for both organizations. 
Dr. Emerson has held membership in nu- 

merous organizations, including the Ento- 

mological Society of Washington, Florida 

Entomological Society, American Associa- 

tion for the Advancement of Science, Amer- 

ican Society of Tropical Medicine and Hy- 
giene, Society of Systematic Zoology, 

Wildlife Disease Association, Entomologi- 

cal Society of America (Fellow), American 

Society of Parasitology, Washington Acad- 
emy of Science (Fellow), American Institute 

for Biological Sciences, Biological Society 
of Washington, Kansas Entomological So- 
ciety, Sigma Xi, Phi Sigma, Alpha Zeta, Ex- 

plorers Club (Fellow), and Cosmos Club. 
His name is listed in American Men and 

Women of Science, Who’s Who in the 
World, Who’s Who in the South and South- 

west, Who’s Who in Government, The Blue 

Book of Washington D.C., Community 

Leaders of America, Dictionary of Inter- 
national Biography, and Personalities of the 

South. 

Upon retirement in 1980, K.C. and Mary 

moved to a home they had built on Sanibel 

Island, Florida. Once there, K. C. became 

actively involved in many activities, in- 
cluding being president of the Care and Re- 
habilitation of Wildlife and serving on sev- 

eral committees of the Sanibel-Captiva 

Conservation Foundation. He would also 

take a daily tour of the Ding Darling Wild- 
life Preserve, recording the animal species 

that he saw. In 1986, he was honored as a 

recipient of the Distinguished Agriculture 

Alumnus Award at Oklahoma State Uni- 

versity. 

When I was embarking on my taxonomic 

journey among the chewing lice in 1960, K. 
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C. was most encouraging and generous in 
his advice and loan of materials. This co- 
operative spirit was with us for 30 years and 

contributed much to the “fun”’ of louse tax- 
onomy. I am certain that others that he con- 

tacted had similar experiences. In this day 

when chewing louse taxonomists are truly 

an endangered species, K. C. will be greatly 

missed. 

Dr. Emerson is survived by his wife, Mary, 

3 sons— William K., James B., and Robert 
E.—and 2 grandchildren—Rebecca and 

Philip. His wife continues to reside at 560 
Boulder Drive, Sanibel, Florida. 

Roger D. Price, Professor Emeritus of En- 

tomology, University of Minnesota, 4622 

Kinkead Avenue, Fort Smith, Arkansas 
72903. 
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Hoplopleura species. Rev. Zool. Botan. Africaines 
78: 5-45 (by K. C. Kim and K. C. E;): 

Records of Anoplura from South West Africa. J. Kan- 
sas Entomol. Soc. 41: 509-510 (by K. C. E. and 
K. C. Kim). 

1969 

A new species of Plegadiphilus (Mallophaga: Meno- 
ponidae) from the Cayenne ibis. Florida Entomol. 
52: 161-163 (by K. C. E. and R. D. Price). 

New species and records of Mallophaga (Trichodecti- 
dae} from Nigerian mammals. Proc. Entomol. Soc. 
Washington 71: 335-339 (by K. C. E. and R. D. 
Price). 

1970 

Anoplura from Mozambique with descriptions of a 
new species and nymphal stages. Rev. Zool. Botan. 
Africaines 81: 383-416 (by K. C. Kim and K. C. 
BS): 

1971 

Records of Mallophaga from Pacific birds. Atoll Res. 
Bull. No. 146: 1-30 (by A. B. Amerson and K. C. 
E.): 

Sucking lice (Anoplura) from Iranian mammals. J. Med. 
Entomol. 8: 7-16 (by K. C. Kim and K. C. 138) 

Mallophaga Indica—VI. Notes on Goniocotes (Mal- 
lophaga: Philopteridae) found on Pavo cristatus, 
with description of a new species. Oriental Ins. 5: 
95-102 (by K. V. Lakshminarayana and K. C. FE) 

A new species of Pelmatocerandra from a diving petrel 
(Mallophaga: Philopteridae). Proc. Entomol. Soc. 
Washington 73: 211-212 (by K. C. E. and R. D. 
Price). 

Notes on Mallophaga from owls in Thailand. Jn Mc- 
Clure, Migratory Animal Pathology Survey, Ann. 
Prog. Rept. 1970: 13-16. 

Records of a collection of Mallophaga and Anoplura 
from Nicaraguan mammals. J. Kansas Entomol. 
Soc. 44: 332-334. 

New records of Anoplura from Mexico. J. Kansas En- 
tomol. Soc. 44: 374-377. 

A revision of the genus Geomydoecus (Mallophaga: 
Trichodectidae) of the New World pocket gophers 
(Rodentia: Geomyidae). J. Med. Entomol. 8: 228- 
257 (by R. D. Price and K. C. E.). 

Three new species of Mallophaga from African mam- 
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mals (Trichodectidae). Proc. Entomol. Soc, Wash- 

ington 73: 372-376 (by K. C. E. and R. D. Price). 

1972 

Checklist of the Mallophaga of North America (north 
of Mexico) Part I. Suborder Ischnocera. Deseret 
Test Center, Dugway, Utah. 200 pp. 

New records of Mallophaga from Nepalese mammals. 
J. Med. Entomol. 8: 622. 

Mallophaga. Jn Zinderen Bakker, Winterbottom & 
Dyer, Marion and Prince Edward Islands: 360. 

Checklist of the Mallophaga of North America (north 
of Mexico) Part III. Mammal host list. Deseret 
Test Center, Dugway, Utah. 28 pp. 

A new genus and species of Mallophaga from a New 
Guinea bush fowl. Pacific Ins. 14: 77-81 (by K. 
C. E. and R. D. Price). 

Checklist of the Mallophaga of North America (north 
of Mexico) Part II. Suborder Amblycera. Deseret 
Test Center, Dugway, Utah. 118 pp. 

Checklist of the Mallophaga of North America (north 
of Mexico) Part IV. Bird host list. Deseret Test 
Center, Dugway, Utah. 216 pp. 

A new subgenus and three new species of Geomydoecus 
(Mallophaga: Trichodectidae) from Thomomys 
(Rodentia: Geomyidae). J. Med. Entomol. 9: 463-— 
467 (by R. D. Price and K. C. E,). 

Anew species of Felicola (Mallophaga: Trichodectidae) 
from the Liberian mongoose Liheriictis kuhni). 
Proc. Biol. Soc. Washington 85: 399-404 (by K. 
C. E. and R. D. Price). 

1973 

Insecta Mallophaga. pp 79-119 & 207-209, In Mc- 
Clure et al., Some ectoparasites of the birds of 
Asia, Applied Sci. Res. Corp. Thailand, 219 pp. 

Lice, ch. 13, pp 376-397. In Flynn, Parasites of lab- 
oratory animals. Iowa St. Univ. Press. 884 pp. (by 
R. D. Price, K. C. Kim, and K. C. E,). 

A new species of Strigiphilus from the saw-whet owl, 
Aegolius acadicus (Mallophaga: Philopteridae). 
Proc. Entomol. Soc. Washington 75: 45-48 (by K. 
C. E. and R. D. Price). 

A new species of Damalinia (Mallophaga: Trichodec- 
tidae) from the Formosan sika deer (Cervus nippon 
taiouanus). Proc. Biol. Soc. Washington 86: 329— 
332 (by K. C. E. and R. D. Price). 

Anoplura of tropical West Africa with descriptions of 
new species and nymphal stages. Rev. Zool. Botan. 
Africaines 87: 425-455 (by K. C. Kim and K. C. 
E.): 

1974 

A new species of Colpocephalum (Mallophaga: Men- 
oponidae) from an Indian flamingo. J. Kansas En- 
tomol. Soc. 47: 63-66 (by R. D. Price and K. C. 
E:): 

A new Polyplax and records of sucking lice (Anoplura) 
from Madagascar. J. Med. Entomol. 11: 107-111 
(by K. C. Kim and K. C. E.). 
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A new species of Trichodectes (Mallophaga: Tricho- 
dectidae) from the yellow-throated marten (Martes 

flavigula). Proc. Biol. Soc. Washington 87: 77-80 

(by K. C. E. and R. D. Price). 

Latagophthirus rauschi, new genus and new species 

(Anoplura: Echinophthinidae) from the river otter 

(Carnivora: Mustelidae). J. Med. Entomol. | 1: 442- 

446 (by K. C. Kim and K. C. E.). 

Book review: Taxonomie und Biologie der Mallo- 

phagen und Lause mitteleuropaischer Haus-und 

Nutztiere by Zlotorzycka, Eichler, & Ludwig. J. 

Parasitol. 60: 793. 

1975 
Three new genera and species of Menoponidae (Mal- 

lophaga) from southeast Asia and New Guinea. 

Pacific Ins. 16: 427-432 (by R. D. Price and K. C. 

E,). 

The Menacanthus (Mallophaga: Menoponidae) of the 

Piciformes (Aves). Ann. Entomol. Soc. Amer. 68: 

779-785 (by R. D. Price and K. C. E.). 

Mallophaga of Venezuelan mammals. Brigham Young 

Univ. Sci. Bull., Biol. Ser., 20(3): 1-77 (by K. C. 

E. and R. D. Price). 

1976 
Abrocomophagidae (Mallophaga: Amblycera), a new 

family from Chile. Florida Entomol. 59: 425-428 

(by K. C. E. and R. D. Price). 

1977 

The genus Meromenopon (Mallophaga: Menoponidae) 

from the Coraciuformes (Aves). J. Kansas Ento- 

mol. Soc. 50: 215-221 (by R. D. Price and K. C. 

E,). 

1978 

The Neopsittaconirmus (Mallophaga: Philopteridae) 

from Cacatua (Aves: Psittaciformes). Pacific Ins. 

18: 33-36 (by R. D. Price and K. C. E.). 

Two new species of Emersoniella (Mallophaga: Phil- 

opteridae) from New Guinea kingfishers. Pacific 

Ins. 19: 105-108 (by K. C. E. and R. D. Price). 
Evolutionary trend in two sympatric species of Gonio- 

cotes (Phthiraptera: Ischnocerophthirina) with re- 

marks on host phylogeny. Bull. Zool. Survey India 

1: 151-156 (by K. V. Lakshminarayana and K. 

GUE). 

1979 
Columbicola fortis, Cavifera abdita, and Quateia iri- 

anensis (Mallophaga) from the magnificent ground 

pigeon (Otidiphaps nobilis) from New Guinea. Pa- 

cific Ins. 20: 59-61 (by K. C. E. and R. D. Price). 

Two new species of Bovicola (Mallophaga: Trichodec- 

tidae). J. Kansas Entomol. Soc. 52: 747-750 (by 

K.G@3ENand'R. D: Price): 

1980 

A new species of Rhynonirmus (Mallophaga: Philop- 

teridae) from the noble snipe (Capella nobilis). J. 

Kansas Entomol. Soc. 53: 811-814 (by K. C. E. 

and R. D. Price). 

A new species of Suricatoecus (Mallophaga: Tricho- 

dectidae) from the western cusimanse, Crossar- 

chus obscurus (Carnivora: Viverridae). Florida En- 

tomol. 63: 505-508 (by K. C. E. and R. D. Price). 

1981 

Status of five species of Mallophaga described by M. 

A. Carriker, Jr. Proc. Entomol. Soc. Washington 

83: 137-139. 

A host-parasite list of Mallophaga on mammals. En- 

tomol. Soc. Amer., Misc. Publ., 12(1): 1-72. 

A new species of Suricatoecus (Mallophaga: Tricho- 

dectidae) from the fennec fox (Fennecus zerda) 

from Egypt, with a key to the recognized species. 

J. Kansas Entomol. Soc. 54: 673-677 (by K. C. E. 

and R. D. Price). 

A new species of Picicola (Mallophaga, Philopteridae) 

from the crescent-chested puffbird, Ma/acoptila 

striata (Spix) (Piciformes, Bucconidae). Rev. Bra- 

sil. Biol. 41: 511-513 (by Y. Oniki and K. C. E.). 

1982 

Mallophaga. pp. 409-415, /n Parker (ed in chief), Syn- 

opsis and classification of living organisms, Vol. 

2. McGraw-Hill Book Co. 1212 pp. 

Order Mallophaga, pp. 49-50. Jn Franz (ed.), Rare 

and endangered biota of Florida, Vol. 6, Inver- 

tebrates. Univ. Florida Press., Gainesville. 131 pp. 

A new species of Bovicola (Mallophaga: Trichodecti- 

dae) from the Formosan serow, Capricornis cris- 

pus swinhoei (Artiodactyla: Bovidae). Pacific Ins. 

24: 186-188 (by K. C. E. and R. D. Price). 

A new species of Eomenopon (Mallophaga: Menopon- 

idae) from Tasmania. Pacific Ins. 24: 189-191 (by 

R. D. Price and K. C. E.). 

The K. C. Emerson Entomology Museum. /n A guide 

to the parasite collections of the world. Special 

publication, Amer. Soc. Parasitol.: 66 (by K. C. E. 

and W. A. Drew). 

U.S. National Museum of Natural History (USNM), 

Smithsonian Institution Anoplura collection. Jn A 

guide to the parasite collections of the world. Spe- 

cial publication, Amer. Soc. Parasitol.: 69. 

U.S. National Museum of Natural History (USNM), 

Smithsonian Institution Mallophaga collection. /n 

A guide to the parasite collections of the world. 

Special publication, Amer. Soc. Parasitol.: 69. 

A new species of Trochiloecetes (Mallophaga: Ricini- 

dae) from the saw-billed hermit, Ramphodon nae- 

vius (Dumont) (Apodiformes: Trochilidae). Rev. 

Brasil. Biol. 42: 85-87 (by Y. Oniki and K. C. E.). 

A new species of Formicaricola (Mallophaga: Philop- 

teridae) from the short-tailed antthrush Chamaeza 

companisona (Lichtenstein) (Passeriformes: For- 

micariidae). Rev. Brasil. Biol. 42: 193-195 (by Y. 

Oniki and K. C. E.). 

A new species of Brueelia (Mallophaga: Philopteridae) 
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from the rufous motmot Baryphthengus ruficap- 

illus (Vieillot) (Coraciiformes: Momotidae). Rev. 

Brasil. Biol. 42: 263-265 (by Y. Oniki and K. C. 

E.): 

Contribucion al conocimiento de los Malofagos Ar- 

gentinos IX. Sobre dos especies del subgenero P1- 

cicola (Tyrannicola) Carriker, 1956: P. (7.) foedus 

Kellogg & Chapman, 1899 y P. (T.) fusca sp. nov. 

(Phthiraptera: Philopteridae). Neotropica 28: 51- 

60 (by A. C. Cicchino and K. C. E.). 

1983 
The subgenus Desumenopon of Amyrsidea (Malloph- 

aga: Menoponidae). Proc. Entomol. Soc. Wash- 

ington 85: 98-103 (by W. C. Scharf and K. C. E.). 

A review of the Felicola felis complex (Mallophaga: 

Trichodectidae) found on New World cats (Car- 

nivora: Felidae). Proc. Entomol. Soc. Washington 

85: 1-9 (by K. C. E. and R. D. Price). 

Contribucion al conocimiento de los Malofagos Ar- 

gentinos. XIV. Philopteridae (Mallophaga Ischno- 

cera). Nuevos 0 poco conocidos parasitos de Ral- 

lidae (Aves Gruiformes). Neotropica 29: 157-172 

(by A. C. Cicchino and K. C. E.). 

1984 

A new species of Nosopon (Mallophaga: Menoponidae) 

from Africa. J. Georgia Entomol. Soc. 19: 213- 

215 (by R. D. Price and K. C. E.). 

A new species of Megapodiella (Mallophaga: Philop- 

teridae) from the mallee fowl of Australia. Florida 

Entomol. 67: 160-163 (by R. D. Price and K. C. 

E.). 

A revision of Amyrsidea, subgenus Cracimenopon 

(Mallophaga: Menoponidae). Proc. Entomol. Soc. 

Washington 86: 877-892 (by W. C. Scharf and K. 

GCSE): 

A new species of Goniodes (Mallophaga: Philopteridae) 

from the mallee fowl (Galliformes: Megapodi- 

idae). Int. J. Entomol. 26: 366-368 (by K. C. E. 

and R. D. Price). 

1985 

The identity of Nirmus eos Giebel (Mallophaga: Phil- 

opteridae) from the rose-breasted cockatoo (Psit- 

taciformes). J. Kansas Entomol. Soc. 58: 173-175 

(by R. D. Price and K. C. E.). 

The identity of Quadraceps crassipedalis (Harrison) and 

two new species of Quadraceps (Mallophaga: Phil- 

opteridae). Proc. Entomol. Soc. Washington 87: 

395-401 (by K. C. E. and R. D. Price). 

1986 

Two new species of Mallophaga from the black-tailed 

water hen (Gruiformes) of Australia. J. Kansas 

Entomol. Soc. 59: 206-209 (by R. D. Price and 

Ke CAE:): 

Two new species of Hohorstiella (Mallophaga: Men- 
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oponidae) from New Guinea and New Britain. J. 

Med. Entomol. 23: 356-360 (by R. D. Price and 

KAGE)! 

New species of Cummingsia Ferris (Mallophaga: Tn- 

menoponidae) from Peru and Venezuela. Proc. 

Biol. Soc. Washington 99: 748-752 (by R. D. Price 

and JK. \CoE,); 

New Mallophaga from the black curassow (Galli- 

formes: Cracidae) in Venezuela. J. Entomol. Sci. 

21: 309-314 (by R. D. Price and K. C. E.). 

Una neuva especie del genero Acutifrons Guimaraes, 

1942 (Mallophaga: Philopteridae) parasita de Po- 

lyborus australis (Aves: Falconiformes: Falconi- 

dae). Spheniscus No. 4: 19-23 (by K. C. E. and 

A. C. Cicchino). 

Two new species of Quadraceps (Mallophaga: Phil- 

opteridae) from Australia. Proc. Entomol. Soc. 

Washington 88: 93-97 (by K. C. E. and R. D. 

Price). 

Two new species of Mallophaga (Philopteridae) from 

the mallee fowl (Galliformes: Megapodiidae) in 

Australia. J. Med. Entomol. 23: 353-355 (by K. 

C. E. and R. D. Price). 

1987 

A new species of Rallicola, subgenus Parricola (Mal- 

lophaga: Philopteridae), from the lotus bird (Cha- 

radriiformes: Jacanidae) in New Guinea. J. Med. 

Entomol. 24: 279-281 (by R. D. Price and K. C. 

E.): 

New records of chewing lice (Mallophaga: Trichodec- 

tidae) found on North American wild foxes north 

of Mexico. J. Kansas Entomol. Soc. 60: 332-333 

(by K. C. E. and R. D. Price). 

1988 
Menacanthus dennisi (Mallophaga: Menoponidae), a 

new species from the grey currawong (Passeri- 

formes: Cracticidae) in South Australia. Florida 

Entomol. 71: 202-204 (by R. D. Price and K. C. 

E,): 
A new species of Haematomyzus (Mallophaga: Hae- 

matomyzidae) off the bush pig, Potamochoerus 

porcus, from Ethiopia, with comments on lice found 

on pigs. Proc. Entomol. Soc. Washington 90: 338- 

342 (by K. C. E. and R. D. Price). 

A new subspecies of Acutifrons Guimaraes 1942 (Mal- 

lophaga: Philopteridae) parasitic on Micrastur ruf- 

icollis ruficollis (Vieillot) (Aves: Falconidae). 

Spheniscus No. 7: 13-14 (by A. C. Cicchino and 

Ke GE): 

1990 

Sucking lice (Anoplura) from Pakistan mammals, with 

notes on zoogeography. Entomol. News 101: 225- 

235 (by L. A. Durden, R. Traub, and K. C. E.). 



PROC. ENTOMOL. SOC. WASH. 
96(1), 1994, pp. 188-189 

Book REVIEW 

Advances in Insect Rearing for Research 
and Pest Management. Edited by Tho- 

mas E. Anderson and Norman C. Leppla. 

Studies in Insect Biology Series. West- 

view Press, Inc., Boulder, CO. 1992. 519 

pp. $69.50 (cloth). 

Nearly every institution doing research 

on insects and mites is in some way or an- 
other involved in insect rearing. Culturing 

insects is an essential part of entomological 

research and pest management, but is often 

taken for granted and its complexity not 

appreciated by those who simply use the 

products of insect rearing programs. As there 

is a great diversity of insects and mites, there 

is a great diversity of ways and considera- 

tions to mass-rear them. Aiming to provide 

an update on the diversity of the technical 

art and science of insect and mite rearing 

while at the same time presenting the man- 
agerial processes and pitfalls of culturing in- 

sects 1s the goal of this book. Many topics 

need to be discussed in relation to insect 

rearing, e.g. colony establishment, colony 
management, colony genetics, colony hy- 

giene, quality control and worker manage- 

ment, and all are given specific attention 

from a practical perspective. 

The book consists of 29 chapters, each 

chapter being written by one to three au- 

thors for a total contribution of 48 authors. 
The book is generally divided into five parts: 

Historical Perspective (Ch. 1), Insect Rear- 

ing Research (Chs. 2-8), Insect Rearing 

Support (Chs. 9-18), Insect Rearing for Pest 

Management (Chs. 19-25) and Insect Rear- 
ing in the Marketplace (Chs. 26-29). The 

single chapter of Part | presents an intro- 

duction to the book with a brief history of 

insect rearing tomes and organizations in 

the United States, based on key books pub- 

lished the last 30 years. The inclusion of 

historical information on the development 

of insect rearing in Europe, Russia and Chi- 

na and the advent of commercial insectaries 

throughout the world would have made the 

chapter more worldly and less regional. For 

the remaining four parts, the chapters un- 

fortunately appear to have been haphazard- 

ly organized relating their specific topic and 

the generic part to which they are assigned. 

Excluding the initial chapter, the chapters 

may be classified into three subjects: 1) 

management and marketing, 2) basic stud- 
ies and research and 3) rearing of specific 

arthropods. The chapters falling within the 

first subject provide general and specific 

overviews of topics from how to operate a 

complex, multispecies rearing facility (e.g. 

laboratory floor plans, scheduling of pro- 

duction events, colony management) (Chs. 

9 & 10) to insect rearing considerations for 

bioengineered crop development (Ch. 3) to 

commercial perspectives of insect rearing 

(e.g. markets, on-time production, quality 

control, application, follow-up) (Chs. 26, 27 

& 29). Some of these chapters discuss the 

same general aspects of colony maintenance 

so there exists considerable overlap and re- 

dundancies among them. 

The chapters dealing with basic studies 
and research examine not only the effects 

of rearing on the arthropods themselves, but 

also look at the physiology of insects and 

mites for developing new and better ways 

to satisfy their nutritional and developmen- 
tal needs. Primary topics discussed are sex- 

selection (Ch. 2), genetics (Ch. 17), ento- 

mopathogens (Ch. 18, with key), unique 

anomalies (Ch. 19), host plant effects (Ch. 

15) and toxicological response variation (Ch. 

16). The study of insect physiology for the 

purpose of developing artificial diets for 

predators and herbivores is examined gen- 
erally (Ch. 5) and specifically for predators 
(Chs. 4 & 6) and fruit flies (Ch. 7). 

Nearly half of the chapters primarily pre- 

sent specific methods for rearing specific ar- 
thropods. Coupled with some chapters prin- 
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cipally oriented toward basic research, these 

chapters provide a wide diversity of rearing 
techniques applied to culturing many ar- 

thropods, including fleas (Ch. 8), the screw- 

worm (Ch. 22), graminaceous stem borers 

and other pest lepidoptera (Chs. 11-13), 

rootworms (Ch. 14), fruit flies (Ch. 25), pre- 

daceous insects and mites (Chs. 6, 24 & 28) 

and parasitoids (Chs. 20, 21 & 23). Al- 

though it may not be possible to precisely 

duplicate these methods in other rearing fa- 

cilities, they do provide guidelines for 

adapting to local conditions and to related 

organisms. 

For the most part the chapters are clearly 

written and the methodologies are easy to 

follow. Redundancies abound due to the ex- 

tensive overlap of many chapter subjects. 

Editorial inconsistencies are also abundant; 

not all chapters have names of descriptors 
following scientific names. Spelling, gram- 

matical and typographical errors are nu- 

merous (particularly in Chapter 18 on en- 

tomopathogens in insect rearing) and do 
distract the reader. A few tables are not 

clearly explained. For example, in Table 3 

of Ch. 12, the parameter X is not defined. 

One serious fault of this book is the lack of 
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an index. In spite of these editorial weak- 

points and text errors, the cost of the book 

is not excessive given the plethora of infor- 

mation it holds and its potential applica- 

bility. 
The book is medium-sized, approxi- 

mately 94” high and 614” wide. It is jack- 
etless but has a hard, durable cover. The 

title and editors’ names are in large white 
letters on a black background superimposed 

on a green and white photograph of a cab- 

bage plant infested with imported cabbage- 
worm, Artogeia rapae (L.), larvae. The text 

is on the small side of adequate size for easy 

reading. The paper is of good quality. 

Good research and IPM programs de- 

pend on well-managed, clean, productive 

insect rearing programs. This book makes 

a significant contribution to that relation- 
ship, thus it would be a welcome addition 

to the library of any insect rearing manager 
or IPM practitioner. Moreover, it would 

make a useful textbook for a course which 

teaches the principles of insect culturing. 

Ronald D. Cave, Depto. de Proteccién 

Vegetal, Escuela Agricola Panamericana, 
Apdo. 93, Tegucigalpa, Honduras. 
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Book REVIEW 

Agroecology. Edited by C. Ronald Car- 
roll, John H. Vandermeer and Peter M. 

Rosset. Biological Resource Management 

Series. McGraw-Hill Publishing Com- 

pany, New York, NY. 1990. 641 pp. 

$89.95 (cloth). 

Agriculture is suffering problems from all 

sides: soil erosion, pesticide resistance, soil 

and water contamination by agrochemicals 

and genetic diversity loss to name a few. 
Thus, new ways of looking at agriculture in 

relation to the natural environment is pro- 

viding impetus for the new study of an old 
science: agroecology, the subject and title of 

a new book edited by C. R. Carroll, J. H. 
Vandermeer and P. M. Rosset published in 

the Biological Resource Management Series 

of McGraw-Hill Publishing Company. The 

book is organized into four parts and 23 

chapters. Each chapter is written by one to 

three authors, for a total contribution of 32 

authors with broad ranges in experience and 

expertise. In this book the authors propose 

to look at agroecology from the historical, 
biological, ecological, economic and socio- 
logical points of view. 

Part 1 provides a broad background to 

agroecology, in which the general subjects 

of population growth, climate, geography, 
social relations, economics and ecology are 

discussed. Chapter | provides an economic/ 

political explanation for poverty and pre- 

sents the argument that rapid population 

growth is caused by poverty and that with- 

out a real change in economic structure, the 

plight of the rural poor cannot be improved. 

Chapter 2 gives information on climate and 

geography and their relationships with ag- 

riculture. The chapter is replete with cli- 
matological terms and principles and pre- 

sents forthright the principles of soil 

formation, the types of soils and the char- 

acteristics and distribution of seven agro- 
climatological types. An interesting synop- 

sis of the origin of agriculture and the 
theories of plant domestication, specifically 

wheat and barley in the Near East and maize 

in the highlands of Mexico, is the subject of 
Chapter 3. Sometimes the discussion di- 

verts from the subject by entering too deeply 

in the realm of archaeology. The latter part 

of the chapter focusses on the thesis that the 

development of agriculture, through envi- 

ronmental change and population increase 

which led to population-resource imbal- 

ance, ultimately influenced population in- 

crease due to reduced mobility of popula- 

tions and the need for a necessary population 

size which meets the labor requirements of 

an agricultural system. Chapter 4 addresses 

the social issues related to the growth of 

modern agriculture and the plight of the 

family farm. In this case, the family farm 

means the U.S. family farm, with only very 
brief reference to Latin American family 

farms and no mention of African or Asian 
family farms. One interesting section in this 

chapter argues that mechanization 1s re- 

sponsible for U.S. agriculture’s dependence 

on agrochemicals. The most interesting sec- 

tion of the chapter points out the apparent 

ambivalence of farmers and consumers to 
federal agricultural research. However, 

farmers do support research at the state lev- 

el, which in principle is supposed to allow 

them to be more competitive with farmers 

outside their region. Chapter 5 contains a 

plethora of statistics related to energy use 

in U.S. agriculture. The chapter compares 

energy input figures in corn production be- 

tween modern times and those of 50-80 
years ago. As a reprieve to the reader from 

all the numbers and citations, the chapter 

finishes by presenting alternatives for im- 
proved energy efficiency in U.S. corn pro- 

duction. The effects that soil erosion, 
irrigation, genetic diversity loss and agro- 

chemicals have on modern U.S. agriculture 

are the topics of Chapter 6. Although the 
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negative ways in which these agricultural 

components impact on the environment are 

thoroughly reviewed with abundant docu- 

mented facts and statistics, the positive ways 

in which these components might be more 

agroecologically appropriate are only mea- 

gerly and generally addressed. 

Part 2 presents a general background of 
various ecological concepts of the principal 

components of agroecosystems. Chapter 7 

is a basic textbook chapter concerning the 

effects of light, water and temperature on 

crop physiological ecology. The limited al- 

lottment of space to this chapter does not 

allow a detailed discussion of these effects 

on all crops, however this chapter does pro- 

vide a good generalized treatise of the abi- 

otic environment in relation to plant phys- 

iology. Plant population ecology as it applies 

to crop density, germination, vegetative 

growth, weed competition and harvest is the 

subject of Chapter 8. Additionally, the con- 

tribution of plant population ecology theory 
and research in agriculture is outlined. The 

theories of plant disease dynamics in crops 
are examined in Chapter 9. Specifically dis- 

cussed are foliar fungal diseases; unfortu- 

nately viruses, many of which are vectored 

by insects, are neglected. Chapter 10 pro- 

vides a concise overview of how the various 

environmental components (weather, host 

plant, natural enemies, heterogeneity) affect 

the abundance and population dynamics of 

herbivorous insects in agroecosystems. Most 

of the discussion on weather concerns the 

impact of temperature; not discussed 1s hu- 

midity which is more important in many 
tropical areas. The majority of the refer- 

ences in this chapter cover documentation 
in North America, with an insignificant 

amount from tropical regions. The role of 

microorganisms in nitrogen fixation, min- 

eral nutrition and disease suppression are 

briefly covered in Chapter 11. The impor- 

tance of earthworms and organic matter to 

soil structure are also mentioned. Chapter 

12 begins with a good discussion of agro- 
ecosystem complexities and an interpreta- 
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tion of agroecology given these complexi- 

ties. However, the discussion rapidly diverts 

to vague and ill-defined mathematics which 

cryptically express direct and indirect in- 

teractions within an agroecosystem. Indeed, 

the mathematical confusion serves to con- 

vince the reader that agroecosystem inter- 

actions are complex and not easily compre- 

hensible. The chapter gratefully finishes with 

some concrete ideas for designing agroeco- 
systems and determining agricultural pro- 

duction policies. 

Part 3 treats the management side of 

agroecosystems and the specific compo- 

nents which are manipulated. Chapter 13 

discusses how important are natural areas 

to agroecosystems (watershed protection, 

genetic diversity resources and sources of 

agricultural products) and how agroecosys- 

tems affect natural areas (deforestation, nat- 

ural area patchiness, pesticide contamina- 

tion, weed invasion). In Chapter 14 the 

importance, transformation, cycling and fate 

of nitrogen in agroecosystems is thoroughly 
reviewed. Chapter 15 looks at the basic 

principles of integrated pest management 
(economic injury level, action threshold, and 

cultural, biological and chemical control 

tactics) in light of pest control strategies 
(preemptive or responsive). Chapter 16 

more specifically examines ecological ge- 

netics in relation to pest control tactics, in 

particular pesticide resistance, weed evo- 

lution and pest adaptation to host plant re- 

sistance and cultural practices; ways to de- 

fray the evolutionary instability of pest 

control, particularly insecticide resistance, 
are also discussed. Chapter 17 examines the 

relationship between agricultural output and 

nutrition and also looks at the impact of 

agricultural policies on food acquisition. One 

intensely studied aspect of agroecology is 

intercropping, a subject thoroughly and ex- 

cellently covered in Chapter 18. Terms are 

defined, theory is reviewed and practicali- 

ties related to nitrogen transfer and pest 

control are critically and carefully evaluat- 

ed. Chapter 19 discusses the mechanisms 
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which provide genetic diversity, the need in 

agriculture for genetic diversity and the 

methods to conserve agricultural genetic di- 
versity via gene banks and habitat conser- 

vation. 

Part 4 presents a critical overview of the 

sociopolitical atmosphere influencing agri- 

cultural research. The pertinence of study- 

ing the traditional agricultural systems of 

indigenous societies is the topic of Chapter 

20. The examination of folk taxonomies, 
farming practices and the experimental na- 

ture of traditional knowledge can provide 
insights into why some policy decisions fail 

and why modernization is not necessarily 

an improvement. Agricultural research, in 
particular that by the U.S. Department of 

Agriculture and the state agricultural ex- 

periment stations, is critiqued in Chapter 

21 as serving a narrow, capitalist private 

sector. Some of the issues related to research 

fragmentation, public-private collaboration 

and funding are also discussed. Chapter 22 

examines the historical impact of coloni- 

alism and the Green Revolution on agri- 

cultural research in third-world countries 

and also looks at the role of governments, 

international development agencies, mul- 
tinational corporations and international 

agricultural research centers in develop- 

ment strategies for developing countries. The 

protection (ecologically and politically) and 

development of biotechnological resources 

in the third world is also addressed. Finally, 

Chapter 24 presents a convincing criticism 

of the economics of hybrid corn in the U.S. 

and how it has served a capitalist purpose 

rather than an agricultural objective. 
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As a whole the book is well-written, with 
only a few chapters (Chapters 4, 14 and 22) 

abounding with redundancies. A couple of 
chapters are so intensely statistical that they 
read like an almanac. Moreover, some 

chapters so heavily cite the literature that 

the reader must search for the meat of the 
text. In my opinion, the relevancy of Chap- 

ters 5 and 6 to agroecology is difficult to see, 
although their relevance to modern agri- 

culture is clear. The chapters which would 

be of special interest to entomologists are 

Chapters 10, 13, 15, 16, 18, 21 and 22. 

The book is medium-sized, approxi- 

mately 94” high and 614” wide. It is jack- 
etless but has a hard, durable cover of white, 

magenta and yellow, with the title in very 
large letters followed by the names of the 
three editors. The text is of easily readable 

size; typographical errors are minimal. The 

paper is thick, non-glossy rag. For a book 
of this size (641+ pages) the cost is not pro- 

hibitive to individuals. 
Agroecology would make a fine textbook 

for a university undergraduate or graduate 

course on the subject. Its subject matter 
would provoke thought and questions 

among students. Some chapters, such as 

those on herbivorous insects in agroecosys- 

tems, integrated pest management and in- 

tercropping, would make excellent reference 

material in agricultural entomology and 

economic entomology courses. 

‘Ronald D. Cave, Depto. de Proteccién 
Vegetal, Escuela Agricola Panamericana, 
Apdo. 93, Tegucigalpa, Honduras. 
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THE ANTHONOMUS GIBBICRUS SPECIES GROUP 
(COLEOPTERA: CURCULIONIDAE) 

WAYNE E. CLARK 

Department of Entomology and Alabama Agricultural Experiment Station, Auburn 

University, Alabama 36849-5413. 

Abstract.—Two new neotropical anthonomine weevil species, Anthonomus gibbicrus 

Clark (México) and 4. denticrus Clark (Bolivia, Brazil, Colombia, Panama, Venezuela), 

are assigned to the Anthonomus gibbicrus group. Characters of the 4. gibbicrus group and 
of the species in the group are described and a key to the species is presented. The habitus, 

female pygidium and male genitalia of the two species, and the femur and tibia of one of 

the species, are illustrated with photographs. 

Key Words: 

thonomus gibbicrus 

Recent studies of the New World species 

of Anthonomus Germar (summarized by 

Clark 1993) have resulted in revisions of 

several of the species groups recognized by 

Champion (1903) and of some newly estab- 

lished groups. Most of the revisions have 

treated previously described species as well 

as new species, but two (Clark 199 1a, Clark 

and Burke 1993) have dealt only with pre- 

viously unknown species. The subject of this 

paper is another group containing only here- 

tofore undescribed species. Descriptions, il- 

lustrations, and a key to the species in this 

group are presented. 

MATERIALS AND METHODS 

The 69 adult weevils examined are from 

the collections of the following individuals 

and institutions (abbreviations identify the 
collections in the text): Collection of H. A. 

Hespenheide, Los Angeles, California, USA 
(CHAH); California Insect Survey, Univer- 

sity of California, Berkeley, California, USA 

(CISC); National Museum of Natural Sci- 

ences, Ottawa, Canada (CMNC); Collection 

of C. W. O’Brien, Tallahassee, Florida, USA 

Coleoptera, Curculionoidea, Curculionidae, Anthonomus denticrus, An- 

(CWOB): Deutsches Entomologisches In- 

stitut, Eberswalde, Germany (DEIC); Col- 

lection E. L. Sleeper, Long Beach, Califor- 
nia, USA (ELSC); Collection of H. P. 

Stockwell, Smithsonian Tropical Research 

Institute, Ancon, Panama (HPSC); Univer- 

sidad Central de Venezuela, Maracay, Ven- 

ezuela (IZAV); Museum of Comparative 

Zoology, Cambridge, Massachusetts, USA 

(MCZC); Texas A&M University, College 

Station, Texas, USA (TAMU); National 

Museum of Natural History, Washington, 

D.C., USA (USNM). 

Measurements were made with the aid of 
an ocular micrometer in a dissecting micro- 

scope as follows: total length from anterior 

edge of eye to elytral apex in lateral view; 
width across elytra at widest point; length 

of pronotum, dorsally, from anterior to pos- 

terior margins; length of rostrum from an- 

teroventral edge of eye to apex, across the 

arc, in lateral view; length of apical portion 

of rostrum from antennal insertions to apex 

in lateral view: width of frons at narrowest 

point between eyes; width of base of ros- 

trum just distad of eyes in dorsal view; and 
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Figs. 1-4. 

width of pro- and metafemora, in anterior 

view, excluding the ventral teeth. The range 

and, in parentheses, the mean and sample 

size, of each measurement are given for each 

species. 

Exact data are cited for types. Separate 

labels are indicated by brackets ([]), each 
separate line by a virgule (/). 

THE ANTHONOMUS GIBBICRUS 

SPECIES GROUP 

Recognition.—The species in the 4. gib- 

bicrus group are middle-sized (length 2.08- 

3.28 mm) Anthonomus with posteriorly 

widened elytra (Figs. 1, 2) and relatively 

uniformly ferruginous to piceous integu- 

ment. The profemur is inflated much more 

strongly anteriorly than posteriorly and bears 

a large, blunt, anteromedian tooth in the 

basal 45 (Fig. 8), a long, parallel-sided, api- 

cally blunt, ventral tooth and a shorter, 

blunt, more distal ventral tooth (Fig. 7). In 

addition, the protibia is curved in the basal 

Anthonomus gibbicrus group members, habitus, lateral and dorsal views. 1, 2) A. gibbicrus, female, 

km. 79 Cuautla-Oaxaca, Morelos, México. 3, 4) 4. denticrus, female, 5 mi. NW Gamboa, Panama, Panama. 

Y. and abruptly widened subapically (Fig. 

Ty 

The species also have the following char- 

acters: Head: eyes separated by distance ca. 

0.8 width of rostrum at base; antennal 

funiculus with 7 articles. Rostrum: male 

short, stout; female, slender, slightly, evenly 

curved from base to apex. Prothorax: 

coarsely, densely punctate; each puncture 

with a slender, attenuate scale. E/ytra: in- 

terstria 3 slightly prominent at base; inter- 

striae otherwise uniform in width and 

slightly convexity, each with sparse, slen- 

der, attenuate scales. Pygidium: small, 
slightly concave apicomedially. Abdomen: 

sterna 4 and 5 subequal in length. Legs: pro- 

femur ca. 0.7 wider than metafemur; 

metafemur with | small, conical, acute ven- 

tral tooth; protibial uncus short, acute. ale 

genitalia (Figs. 9, 10): tegmen without par- 
ameres; endophallus unarmed. 

Plant associations. — Two specimens of A. 

denticrus have labels indicating that they 
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were collected on ferns (Gleichenia sp., 

Gleicheniaceae). No anthonomines have 

been heretofore reported to develop on ferns 

(Burke 1976) and these seem likely to be 

incidental associations rather than true host 

associations. The “cactus” and “‘orchid”’ re- 

cords for the same species are likewise 

doubtful host associations. 

Distribution.—The species in the A. gib- 

bicrus group and their known geographical 

distributions are the following. 

Anthonomus gibbicrus Clark México 
Anthonomus denticrus Clark Bolivia, Bra- 

zil, Colombia, Costa Rica, Panama, 

Venezuela 

Relationships.—The apparent close re- 

lationship of the A. marmoratus, A. par- 

tiarius and A. rubiginosus species groups to 

each other was noted by Clark (1991b, 

1992a, b). The species in the 4. gibbicrus 

group have characters in common with cer- 

tain species in these groups. The enlarged 

profemur with the long, slender, parallel- 

sided ventral tooth and shorter, blunt, more 

distal tooth is similar to that of some of the 

species in the A. marmoratus group, es- 

pecially to A. pruinosus Champion (cf. Fig. 

9 and Clark 1992b, Fig. 19), while the in- 

flation of the anterior portion of the pro- 
femur is similar to that in A. potestatus Clark 

of the A. partiarius group (cf. Fig. 8 and 

Clark 199 2a, Fig. 34) and to 4. nihilum Clark 

of the A. rubiginosus group (cf. Fig. 8 and 
Clark 1991b, Fig. 30). The latter species has 

transverse carinae across the basal portion 

of anterior profemoral tumescence in the 
position in which the species in the A. gib- 

bicrus group have a large, blunt, antero- 

median tooth (cf. Fig. 7 and Clark 1991b, 

Fig. 30). 

Key TO SPECIES IN THE 

ANTHONOMUS GIBBICRUS GROUP 

1. Eyes oblong, strongly prominent in dorsal and 

lateral views (Figs. 1, 2); anterodorsal margin 

of prothorax slightly concave, anterolateral 

margins with slight postocular lobes (Figs. 1, 
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2); pronotum and elytra with cinereous scales; 

aedeagus widened subapically, with small api- 

cal prominence (Fig. 9); rostrum of female 

densely punctate proximally (Figs. 1, 2); py- 

gidium of female slightly constricted apicolat- 

erally, without apical patch of short setae (Fig. 

>) San ; aemedee As S1DDICTUS 

1’. Eyes round, not prominent in dorsal or lateral 

views (Figs. 3, 4); anterodorsal margin of pro- 

thorax straight, anterolateral margins without 

postocular lobes (Figs. 3, 4); pronotum and 

elytra with ferruginous scales; aedeagus sub- 

parallel-sided, narrowed to blunt apex (Fig. 

10); rostrum of female nearly smooth proxi- 

mally (Figs. 3, 4); pygidium of female rounded 

apically, with apical patch of short setae (Fig. 

6) : : oe ... A. denticrus 

Anthonomus gibbicrus Clark 

NEw SPECIES 

Figs. 1, 2, 5, 7-9 

Holotype. MEXICO. Morelos: male 

(MEXICO, Morelos,/ km. 79 Cuautla-Oa- 

xaca/ I-28-88 E. Barrera,/ A. Cadena, E. 

Ramirez] [C. W. OBRIEN/ COLLEC- 
TION] (CWOB). 

Paratypes (38).— MEXICO. | male [Mex- 

ico/ Nog. 75646/ X-29-56-13883] [C Cac- 

tus/ plants] (USNM). Guerrero: 2 males 

(MEX: Guer. 10.7 km. SW./ Xochipala 1753 
m 87-7/ 5.vui.87 R. Anderson/ Acacia-oak 
woodland] (CMNC, TAMU). Morelos: 19 

males, 13 females [MEXICO, Morelos,/ km. 

79 Cuautla-Oaxaca/ I-28-88 E. Barrera,/ A. 

Cadena, E. Ramirez] [C. W. OBRIEN/ 

COLLECTION] (CWOB). Sinaloa: 1 male 

[MEX Sinaloa,/ Caliacan (sic.), 19/ mi. 2. 

VI-22-63] [J. Doyen/ Collector] (CISC); 1 

male [Mazatlan/ Sin. Mex./ Lar. Tex. 60636/ 

3-24-60-8552] [orchid/ plants] (USNM); 1 

male [MEX., Sinaloa,/ Rio Piaxtla 1 mi./ 

W Mex. No. 15] [E. L. Sleeper/ R. C. An- 

derson/ Collr.] [E. L. Sleeper/ Collection] 

(EESG): 

Recognition characters.—Anthonomus 

gibbicrus is distinguished from the related 
A. denticrus by the characters presented in 

the key. 

Male.—Length: 2.08-3.00 mm (mean 

2.70, n = 10). Width: 1.18-1.50 mm (mean 

= 1.38, n = 10). Head: eyes oblong, prom- 
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9 

Anthonomus gibbicrus group members. 5-10) pygidium, female, dorsal view. S—4A. gibbicrus, Figs. 5-10. 

10 

km. 79 Cuautla-Oaxaca, Morelos, México. 6—A. denticrus, 6 mi. S, 6 mi. W. Canas, Taboga, Guanacaste, Costa 

Rica. 7-8) A. gibbicrus, profemur, male, km. 79 Cuautla-Oaxaca, Morelos, México. 7—anterior view. 8—dorsal 

view. 9-10) A. gibbicrus group members, aedeagus, dorsal views of holotypes. 9—A. gibbicrus. 10—A. denticrus. 

inent in dorsal and lateral views. Rostrum: 

1.05-1.28 length (mean = 1.17, n = 10) x 

pronotal length; rugose proximally, punc- 

tate distally; length of apical portion 33- 

50% (mean = 40, n = 10) of total rostral 

length. Prothorax: anterodorsal margin 

slightly concave; anterolateral margins with 

slight postocular lobes; each puncture with 

a cinereous scale; lower portion of pleuron 

with broader, cretaceous scales. E/ytra: with 

sparse, slender, attenuate, cinereous scales. 

Genitalia (Fig. 9): aedeagus widened subap1- 

cally, with small apical prominence. 

Female.— Length: 2.52-3.28 mm (mean 

= 2.92, n= 10). Width: 1.30-1.76 mm (mean 

= 1.50,n = 10). Rostrum: 1.24-1.58 length 

(mean = 1.37, n = 10) X pronotal length: 

length of apical portion 38-49% (mean = 

41,n = 10) of total rostral length. Pygidium 

(Fig. 5): slightly constricted apicolaterally, 

without apical patch of short setae. 

Distribution.—Anthonomus gibbicrus 1s 
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known only from the type series from Méx- 
ico. 

Etymology.—The species epithet, from 

Latin words meaning swollen and leg, refers 

to the enlarged profemur of 4. gibbicrus. 

Anthonomus denticrus Clark, 

New SPECIES 

Figs. 3, 4, 6, 10 

Holotype.—COSTA RICA. Puntarenas: 

male [C.R., Puntarenas/ Las Cruces, 7 Km. 

S/ San Vito, II-20-23/ 1987: J. Negron] [C. 

W. OBRIEN/ COLLECTION] (CWOB). 

Paratypes (29).—BOLIVIA. | male [Bo- 

livien/ Germain] [Coll. Kraatz] [Coll. DEI/ 

Eberswalde] (DEIC). Beni: 1 female [Rur- 

renbaque,/ Beni, Bolivia/ 175 m. X-5-56] 

[L. E. Pena/ Collr.] [E. L. Sleeper/ Collec- 

tion] (ELSC). BRAZIL. Mato Grosso: | 

male, | female [BRASIL, Mato Grosso/ Si- 

nop (12°31'S,/ 55°37'W) X-1974/ M. Al- 

varenga] (CWOB). COLOMBIA. Magda- 

lena: 2 males, 4 females [Altagracia, Mgd./ 

Colombia/ Darlington] (MCZC); 1 male, 3 

females [Sevilla, Mgd./ Colombia/ Darling- 

ton] (MCZC). Santander del Norte: 1 male 

[Prima/ Colombia, Santan-/ der del Norte 
1700 m/ I-VI-1965.] [J. & B. Bechyne/ leg.] 
(IZAV). COSTA RICA. Guanacaste: 1 male 

[COSTA RICA/ Guanacaste Prov./ 6 

mi. S, 6 mi. W./ Cafias, Taboga/ 10°19'N 

85°09'W] [13-20.11.1967/ H. A. Hespen- 

heide] (CHAH); | female [COSTA RICA/ 

Guanacaste Prov./ 6 mi. S, 6 mi. W./ Canas, 
Taboga/ 10°19'N 85°09'W] (15.ii.1967/ H. 

A. Hespenheide] (CHAH). PANAMA. 

Panama: | female [Barro Colo Id/ C. Z. VI- 

X-43/ Z-5104] [Jas Zetek/ No] (USNM); | 

female [PANAMA: C. Z./ 5 mi. NW Gam- 

boa/ 23 Feb. °75/ H. P. Stockwell] [beating 

foliage/ Gleichenia sp.] [Anthon./ 28] 

(HPSC); 1 female [PANAMA: C. Z./ 5 mi. 

NW Gamboa/ 23 Feb. ’75/ H. P. Stockwell] 

[on fern/ Gleichenia sp.] (HPSC): | female 

[Panama, C. Z./ 5 mi. NW Gamboa/ 9°10'N, 
79°43'W] [20 Mar. °76/ H. P. Stockwell] 
(HPSC); 1 female [PANAMA: C. Z./ 5 mi. 

NW. Gamboa/ 6 April ’76/ Y. Lubin] [Mal- 

athion/ canopy fog] (HPSC); 3 males, 3 fe- 
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males [Pipeline Road/ Panama Canal Zone/ 

28-XI-76/ Col: D. Engleman] [at light above/ 

canopy] (CWOB). VENEZUELA. Zulia: | 
male [Venezuela - Zulia/ El Tucuco 420 m/ 

21-27-V-1971] [C. J. Rosales/ J. Salcedo/ 
A. Ramirez] (IZAV). 

Recognition characters.—Anthonomus 

denticrus is distinguished from the related 

A. gibbicrus by the characters presented in 
the key. 

Male.— Length: 2.64-2.88 mm (mean = 

2.82, n = 9). Width: 1.36-1.48 mm (mean 

= 1.43, n = 9). Head: eyes round, broadly, 

evenly convex, not prominent in dorsal 

view, not prominent in lateral view. Ros- 

trum: 1.05-1.31 length (mean = 1.20, n = 

9) x pronotal length; rugose proximally, 

punctate distally; length of apical portion 

33-36% (mean = 34, n = 9) of total rostral 

length. Prothorax: anterodorsal margin 

straight; anterolateral margins without 

postocular lobes; each puncture with a fer- 

ruginous scale; lower portion of pleuron with 

broader, ferruginous scales. E/ytra: inter- 
striae with sparse, slender, attenuate, fer- 

ruginous scales. Genitalia (Fig. 10): aede- 

agus subparallel-sided, narrowed to blunt 

apex. 

Female.— Length: 2.48-3.16 mm (mean 

= 2.84,n= 10). Width: 1.02-1.72 mm (mean 

= 1.46, n = 10). Rostrum: 1.06-1.95 length 

(mean = 1.46, n = 10) x pronotal length; 

length of apical portion 30-52% (mean = 

40,n = 10) of total rostral length. Pygidium 

(Fig. 6): rounded apically, with apical patch 

of short setae. 

Distribution.—Anthonomus denticrus is 

known only from the type series from Bo- 

livia, Brazil, Colombia, Costa Rica, Pana- 
ma and Venezuela. 

Etymology.—The species epithet, from 

Latin words meaning tooth and the leg, re- 
fers to the anteromedian tooth on the inner 

margin of the profemur of 4. denticrus. 
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NEW SPECIES OF ANTHONOMUS GERMAR IN THE 4. DOGMA AND 
A, FURCATUS SPECIES GROUPS (COLEOPTERA: CURCULIONIDAE) 

WAYNE E. CLARK 

Department of Entomology and Alabama Agricultural Experiment Station, Auburn 

University, Alabama 36849-5413. 

Abstract.—Four previously undescribed species of Neotropical Anthonomini are as- 

signed to the Anthonomus dogma group. These are A. dogma (Colombia, Panama), A. 

idea (Brazil), A. opinionis (Panama, Venezuela) and A. ratio (Brazil). Characters of the A. 

dogma group and of each of the species in the group are described and a key to the species 

is presented. The habitus of each species, the pygidium, abdomen, femur and tibia of 

some of the species, and the male genitalia of one of the species are illustrated with 

photographs. A new species of the Anthonomus furcatus group, A. blik (Venezuela), is also 
described and illustrated. 

Key Words: Coleoptera, Curculionoidea, Curculionidae, Anthonomus dogma, Anthon- 

omus idea, Anthonomus opinionis, Anthonomus ratio, Anthonomus blik 

A recently recognized new species of 4n- 

thonomus in the A. furcatus group differs 

somewhat in external appearance from the 

eleven species previously assigned to that 

group (Clark 1988a). The type of this species 

bears impressive resemblance to specimens 

representing four previously undescribed 

species that belong to a group related to the 

A. furcatus group. This group is described 

herein as the 4. dogma species group. This 
paper includes descriptions and _ illustra- 

tions and a key to the species in the 4. dog- 

ma group, as well as a description and 1il- 

lustrations of the new species in the 4. 

furcatus group. 

MATERIALS AND METHODS 

Specimens of 11 adult weevils were ex- 

amined. These are from the collections of 

the following individuals and institutions 
(letter codens identify the collections in the 

text): Collection of C. Bordon, Maracay, 
Venezuela (CCBM); Collection of C. W. 

O’Brien, Tallahassee, Florida, USA 

(CWOB),; Collection of H. P. Stockwell, 

Smithsonian Tropical Research Institute, 

Panama (HPSC): Universidad Central de 

Venezuela, Maracay, Venezuela (IZAV); 

Museu Paraense Emilio Goeldi, Belém, 

Brazil (MPEG); Museu de Zoologia, Uni- 

versidade de Sao Paulo, Sao Paulo, Brazil 

(MZSP); Texas A&M University, College 

Station, Texas, USA (TAMU); National 

Museum of Natural History, Washington, 
D.C., USA (USNM). Measurements were 

made according to criteria described by 

Clark (1994). Exact label data are cited for 

types. Separate labels are indicated by 
brackets ({]), each separate line by a slash 

(7): 

THE ANTHONOMUS DOGMA GROUP 

Recognition characters.—The members 

of the 4. dogma group are moderately large, 

shining, black Anthonomus (length = 2.88- 

3.60 mm; width = 1.32-1.76 mm) with 
sparse lacteous scales above, and broader, 

dense lacteous scales beneath (Figs. 1-8). 
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Figs. 1-8. Anthonomus dogma group members, habitus, lateral and dorsal views. 1, 2) A. dogma, female, 

Fort Clayton, Panama, Panama; 3, 4) 4. idea, female, holotype; 5, 6) 4. opinionis, female, holotype; 7, 8) A. 

ratio, female, holotype. 
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The pronotum and elytra are mostly gla- 

brous, with lacteous scales in a narrow dor- 

sal midline on the pronotum, along the pos- 

terior margin of the pronotum (Figs. 2, 4, 

6, 8), in a conspicuous postocular vitta on 

the pleuron, and in an apicolateral elytral 

vitta (Figs. 1, 3, 5, 7) (the latter feature is 

inconspicuous in 4. dogma itself (Fig. 1)). 

The thoracic and abdominal sterna have 

dense lacteous scales. Similar scales are es- 

pecially dense on the metepimeron and 

metepisternum and form a conspicuous line 

that connects the pleural and apicolateral 

elytral vittae (Figs. 1, 3, 5, 7). Each of the 

small to moderately large punctures on the 

remainder of the pronotum and on the up- 

per portion of the pleuron has a minute, 

inconspicuous, aeneous seta. The profem- 

ora are moderately to strongly inflated, 1.4— 
1.9 as wide as the metafemur. 

Relationships.—The most striking attri- 

butes of the species in the 4. dogma group 

are the smooth, shining, black integument 

and the contrasting sparse lacteous scales of 

the convex pronotum and elytra (Figs. 1- 

8). Some unrelated species of Anthonomus 

with similar characteristics were assigned to 

the A. albolineatus group by Clark (1987). 

These had been described by Champion 

(1903) as having “*. . . general facies like that 

of Otidocephalus” and by Sleeper (1958) as 

“superficially” resembling otidocephaline 

Curculionidae. They were inelegantly des- 

ignated ‘‘otidocephaline-like’’ by Clark 

(1987), who asserted that the peculiar con- 

dition “... is the result of convergent evo- 

lution in Otidocephalinae and Anthonom- 

inae [and] in different groups of 

Anthonominae.”’ Convergence was also in- 

voked when anthonomines with similar fea- 

tures turned up in the genus Loncophorus 

Germar (Clark 1988b). 

The somewhat “‘otidocephaline-like”’ 

species in the A. dogma group appear not 

to be closely related to the anthonomines 

in these other groups. They seem instead to 

be allied to ‘“‘non-otidocephaline-like” spe- 

cies in the 4. subulatus and A. furcatus 
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groups. The rostrum of 4. subulatus (Cham- 

pion) is “abruptly and strongly narrowed at 

the antennal insertions, ... the distal por- 

tion ... extraordinarily narrow, smooth, 
glabrous, and subparallel sided in dorsal 

view” (Clark 1993). The rostrum is similar 

in two of the species in the 4. dogma group, 

A. dogma and A. idea (Figs. 1, 3). The en- 

dophallus of some of the species in the A. 

furcatus group is like that in 4. subulatus 
which has “two proximal . . . spines and one 

... more distal sclerite” (Clark 1993). The 

endophallus of 4. dogma (Fig. 18) (males of 

the other species are unknown) is similar, 

but more like that of other members of the 

A. furcatus group, including the new species 

described herein (Fig. 19), in having an ex- 

tra pair of spines between the proximal 

spines and the distal sclerite. 

Plant associations.— Unknown. 
Distribution.—The species of the 4. dog- 

ma group are known from Brazil, Colom- 

bia, Panama and Venezuela. 

KEY TO SPECIES IN THE 

ANTHONOMUS DOGMA GROUP 

1. Rostrum stout basally, strongly, evenly ta- 

pered to narrow apex in male, abruptly nar- 

rowed slightly beyond antennal insertions in 

female (Figs. 1, 3); elytra without humeral patch 

of dense lacteous scales (Figs. 2, 4); eyes strong- 

ly, evenly convex, not prominent (Figs. 1-4); 

abdominal sternum 5 of female with poste- 

romedian clasp that apparently receives apical 

portion of pygidium (Figs. 13, 14); pygidium 

of female with slight apicomedian projection 

(Figs. 9, 10); metafemur with an obsolescent 

tooth distal to large ventral tooth (Fig. 15) 

I’. Rostrum slender from base to apex (Figs. 5, 

7); elytra with humeral patch of dense lacteous 

scales (Figs. 6, 8); eyes most strongly convex 

posteriorly, slightly prominent (Figs. 5-8); ab- 

dominal sternum 5 of female without poste- 

romedian clasp; pygidium of female without 

to 

apicomedian projection (Figs. 11, 12); meta- 

femur without obsolescent tooth distal to large 

ventral tooth (Figs. 16,17) . 3 

2. Elytra with dense lacteous scales on basal por- 

tions of sutural interstriae (Fig. 4); apicolateral 

elytral scales distinct, lacteous (Fig. 3); protib- 

ia of female without preapical tooth; metafem- 

oral tooth conical A. idea 
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to . Elytra without lacteous scales on basal por- 

tions of sutural interstriae (Fig. 2); apicolateral 

elytral scales indistinct, aeneous and lacteous 

(Fig. 1); protibia of female with preapical tooth; 

metafemoral tooth slightly uncinate (Fig. 15) 

with a short, conical ventral tooth (Fig. 17) . 

Breas meee : ee i A. ratio 

3’. Rostrum not tapered distally (Fig. 5); meta- 

femur with a long, slender ventral tooth (Fig. 

16) ; Se _ A. opinionis 

Anthonomus dogma, NEw SPECIES 

Bigstsl 29 esa aa ls 

Holotype. —PANAMA. Panama: é [Pan- 

ama: Canal Zone/ Albrook Forest Site/ Fort 

Clayton] [Lot No. 174/ Feb. 23/24, 1968/ 

R. Hutton/ Black light trap] [University/ 

Arkansas/ Collection] (CWOB). 

Paratypes (4).—COLOMBIA. Norte de 

Santander: 1 female [Colombia/ Norte de 

Santander/ 4 Km NW Malpaso/ 8 July 1982/ 

Clark & Cave] (TAMU). PANAMA. Pan- 

ama: | female [Panama: Canal Zone/ Al- 

brook Forest Site/ Fort Clayton] [Lot No. 

174/ Feb. 23/24, 1968/ R. Hutton/ Black 

light trap] [University/ Arkansas/ Collec- 

tion] (CWOB); | male [Panama: Canal Zone/ 
Albrook Forest Site/ Fort Clayton] [Lot No. 

176/ Feb. 29/Mar. 12, 1968/ R. Hutton/ 
Black light trap] [University/ Arkansas/ 

Collection] (CWOB); | female [Panama: 
Canal Zone/ Albrook Forest Site/ Fort Clay- 

ton] [Lot No. 130/ Sept. 7/8, 1967/ Hutton 

& Llaurado/ Black light trap] [University/ 

Arkansas/ Collection] (CWOB). 

Recognition characters (Figs. 1, 2).—Ros- 

trum stout basally, strongly, evenly tapered 

to narrow apex in male, abruptly narrowed 

slightly beyond antennal insertions in fe- 

male (Fig. 1); elytra without lacteous scales 

on sutural interstriae (Fig. 2); apicolateral 

elytral scales minute, inconspicuous, aene- 

ous and lacteous (Fig. 1); abdominal ster- 

num 5 of female with posteromedian clasp 

that apparently receives apical portion of 

pygidium (Fig. 13); median emargination of 

clasp broad (Fig. 13); pygidium of female 

with rounded apicomedian projection (Fig. 
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9); eyes strongly, evenly convex, not prom- 

inent (Figs. 1, 2); protibia of female with a 

small, acute, preapical ventral tooth; meta- 

femur with a slightly uncinate, acute, ven- 

tral tooth and an obsolescent more distal 

tooth (Fig. 15); profemur ca. 1.4 as wide 

as metafemur. 

Male.— Length: 3.28-3.40 mm (n = 2). 

Width: 1.72-1.76 mm (n = 2). Head: eyes 

separated by distance ca. 0.8 x width of ros- 

trum at base. Rostrum: length 1.26-1.59 x 

(n = 2) pronotal length; proximal portion 

carinate, sparsely setose, with narrow lac- 

teous scales at extreme base and on frons; 

distal portion glabrous, sparsely punctate, 

length 46-48% (n = 2) of total rostral length. 

Prothorax: pronotum punctate, interspaces 

broad, smooth, shining; pleuron more 

coarsely punctate, interspaces narrower, ru- 

gulose; pronotum with narrow midline of 

small, dense, lacteous scales, and with lon- 

ger, sparser, lacteous scales along posterior 

margin; each puncture on remainder of dor- 
sum and upper portion of pleuron with a 

minute, inconspicuous seta; pleuron with 

conspicuous postocular vitta of broad lac- 

teous scales. E/ytra: striae not impressed, 

with elongate punctures; interstriae slightly 

convex, smooth, shining, glabrous, except 

for apicolateral scales. Abdomen: sterna with 

lacteous scales that are broader laterally. 

Legs: coxae with dense, broad, lacteous 

scales; protibia slightly curved in basal 2, 
with slight inner marginal prominence in 

distal 4; protibial uncus short, slender, 
curved, acute; metatibial mucro stout, par- 

allel to long axis of tibia. Genitalia (Fig. 18): 

aedeagus narrow, strongly sclerotized be- 
low, subtruncate apically; endophallus with 

two small basal spines, two similar, median 

spines, and a small distal spine. 

Female.— Length: 2.88-3.28 mm (mean 

= 3.09, n= 3). Width: 1.42-1.72 mm (mean 

= 1.58,n = 3). Rostrum: length 1.49-1.60 x 

(mean = 1.54, n = 3) pronotal length; length 

of distal portion 46-49% (mean = 47, n = 

3) of total rostral length. 

Distribution.—Anthonomus dogma is 
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Figs. 9-17. Anthonomus dogma group members. 9-12. Pygidium, female, dorsal views: 9) 4. dogma, Fort 

Clayton, Panama, Panama; 10) 4. idea, holotype; 11) 4. opinionis, holotype; 12) A. ratio, holotype. 13, 14. 

Abdomen, female, ventral views: 13) 4. dogma, Fort Clayton, Panama, Panama; 14) 4. idea, holotype. 15-17. 

Metathoracic legs: 15) 4. dogma, Fort Clayton, Panama, Panama; 16) 4. opinionis, holotype; 17) A. ratio, 

holotype. 
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known only from the type series from Co- 

lombia and Panama. 

Anthonomus idea, NEw SPECIES 

Figs. 3, 4, 10, 14 

Holotype.—BRAZIL. Para: 2 [Sta. Isabel 

do Para/ PA, Brasil/ 30.1II.1962/ J. Be- 

chyné col.] (MZSP). 
Paratype (1).—BRAZIL. Parad: 1 female 

[BRAZIL Para/ Belem/ I-26-1969 L &/ C. 
W. O’Brien (CWOB). 

Recognition characters (Figs. 3, 4).—An- 

thonomus idea is similar to A. dogma from 
which it differs in the following characters: 

Elytra with dense lacteous scales on basal 

portions of sutural interstriae (Fig. 4); api- 

colateral elytral scales distinct, lacteous (Fig. 

3); protibia of female without preapical 

tooth; metafemoral tooth conical, acute; 
median emargination of posteromedian 

clasp of abdominal sternum 5 of female 

deep, narrow (Fig. 14); pygidium of female 
with smaller apicomedian projection (Fig. 

10). 

Male.— Unknown. 
Female. — Length: 3.12-3.24 mm (n = 2). 

Width: 1.50-1.58 mm (n = 2). Head: eyes 

round, strongly, evenly convex, not prom- 

inent, separated by distance ca. 0.8 x width 

of rostrum at base. Rostrum: length 1.43- 

1.70x (n = 2) pronotal length; proximal 

portion carinate, sparsely setose, with nar- 

row lacteous scales at extreme base and on 

frons; distal portion glabrous, length 56-58% 

(n = 2) of total rostral length. Prothorax: 

pronotum punctate, interspaces broad, 

smooth, shining; pleuron more coarsely 

punctate, interspaces narrower, rugulose; 
pronotum with narrow midline of small, 

dense, lacteous scales, and with longer, 
sparser, lacteous scales along posterior mar- 

gin; each puncture on remainder of dorsum 

and upper portion of pleuron with a minute, 

inconspicuous seta; pleuron with conspic- 

uous postocular vitta of broad lacteous 

scales. E/ytra: striae not impressed, with 

elongate punctures; interstriae slightly con- 
vex, smooth, shining, glabrous, except for 

scales on sutural interstriae and apicolateral 

scales. Abdomen: sterna with lacteous scales 

that are broader laterally. Legs: coxae with 

dense, broad, lacteous scales; protibia 

slightly curved in basal 2, with slight inner 
marginal prominence in distal 1; protibial 

uncus short, slender, curved, acute; meta- 

tibial mucro stout, parallel to long axis of 
tibia. 

Distribution.—Anthonomus idea is 
known only from the type series from Bra- 

zil. 

Anthonomus opinionis, New SPECIES 

Bigs: 5,6, 11, 116 

Holotype. —PANAMA. Panama: @ 

[PANAMA: C.Z./ 5 mi. NW Gamboa/ 12 

July °76 Lubin] [Malathion/ canopy fog] 
[Antho./ #17] (from HPSC, deposited in 

USNM). 
Paratype (1). — VENEZUELA. Tachira: | 

female [Sn. Joaquin/ de Navay/ Venezue- 

la - Tachi-/ ra. 400 m./ 21-22-1979] [col./ 

A. Chacon] (IZAV). 

Recognition characters (Figs. 5, 6).—An- 

thonomus opinionis is distinguished by the 

following combination of characters: ros- 

trum slender, evenly, broadly curved, not 

tapered distally (Fig. 5); elytra with humeral 

patch of dense lacteous scales (Fig. 6); api- 

colateral elytral scales distinct, lacteous (Fig. 

5); eyes most strongly convex posteriorly, 

slightly prominent (Figs. 5, 6); metafemur 

with a long, slender ventral tooth, without 

more distal tooth (Fig. 16); abdominal ster- 

num 5 of female with posterior margin 

slightly produced; profemur ca. 1.9 x as wide 

as metafemur. 

Male. — Unknown. 

Female. — Length: 3.44-3.60 mm (n = 2). 

Width: 1.52-1.58 mm (n = 2). Head: eyes 

separated by distance ca. 0.4 x width of ros- 

trum at base. Rostrum: length 1.70-1.93 x 

(n = 2) pronotal length; proximal portion 

feebly carinate, apparently glabrous; distal 

portion smooth, glabrous, length 39-46% (n 

= 2) of total rostral length. Prothorax: pro- 
notum sparsely, minutely punctate, inter- 
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spaces broad, smooth, shining; pleuron more 

coarsely punctate, interspaces narrower, ru- 
gulose; pronotum with narrow midline of 

small, dense, lacteous scales, and with lon- 

ger, sparser, lacteous scales along posterior 
margin; each puncture on remainder of dor- 

sum and upper portion of pleuron with a 

minute, inconspicuous seta; pleuron with 

conspicuous postocular vitta of broad lac- 

teous scales. E/ytra: striae not impressed, 

with minute punctures; interstriae slightly 

convex, smooth, shining, glabrous, except 

for scales on humeri and apicolateral scales. 

Pygidium: broad, without apicomedian 

projection (Fig. 11). Abdomen: sterna with 

lacteous scales that are broader laterally. 

Legs: coxae with dense, broad, lacteous 

scales; protibia curved in basal '2, with inner 

marginal prominence in distal '4, without 

preapical tooth; protibial uncus slender, 

slightly curved, acute; metatibial mucro ob- 

solete. 

Distribution.—Anthonomus opinionis is 

known only from the type series from Pan- 

ama and Venezuela. 

Anthonomus ratio, NEw SPECIES 

Figs. 7,8, 12,17 

Holotype.—BRAZIL. Parad: 2 [Marituba/ 

23.6.1961] [Brasil, PA/ J. & B. Bechyné] 
(MPEG). 

Recognition characters (Figs. 7, 8).—An- 

thonomus ratio is similar to A. opinionis 

from which it differs in the following char- 

acters: Rostrum tapered distally (Fig. 7); 

metafemur with a short, conical ventral 

tooth (Fig. 17). 

Male.— Unknown. 

Female.—Length: 2.96 mm (n = 1). 
Width: 1.32 mm (n = 1). Head: eyes sepa- 

rated by distance ca. 0.4 x width of rostrum 

at base. Rostrum: length 1.65 x (n = 1) pro- 

notal length; proximal portion feebly cari- 

nate, apparently glabrous; distal portion 

smooth, glabrous, length 45% (n = 1) of 

total rostral length. Prothorax: pronotum 

sparsely, minutely punctate, interspaces 

broad, smooth, shining; pleuron more 

205 

coarsely punctate, interspaces narrower, ru- 
gulose; pronotum with narrow midline of 

small, dense, lacteous scales, and with lon- 

ger, sparser, lacteous scales along posterior 

margin; each puncture on remainder of dor- 

sum and upper portion of pleuron with a 

minute, inconspicuous seta; pleuron with 

conspicuous postocular vitta of broad lac- 

teous scales. E/ytra: striae not impressed, 
with minute punctures; interstriae slightly 

convex, smooth, shining, glabrous, except 

for scales on humeri and in apicolateral vit- 

ta. Pygidium: broad, without apicomedian 

projection (Fig. 12). Abdomen: sterna with 

lacteous scales that are broader laterally. 

Legs: coxae with dense, broad, lacteous 

scales; protibia curved in basal '2, with inner 

marginal prominence in distal 3, with small, 
acute, preapical tooth; protibial uncus slen- 

der, slightly curved, acute; metatibial mucro 

obsolete. 

Distribution.—Anthonomus ratio is 

known only from the type series from Bra- 

zil. 

THE ANTHONOMUS FURCATUS GROUP 

Recognition characters.—The species of 

Anthonomus in the A. furcatus group were 

characterized by Clark (1988a) as “‘relative- 

ly large anthonomines. . . with the rostrum 

relatively slender and of moderate length, 

the antennal funiculus 7-articulate and rel- 

atively large, and the eyes strongly and 

evenly convex.” Cited as unique characters 

of the group were the “aedeagus with dis- 

tinct apicolateral prominences,” and “‘en- 

dophallus with two proximal endophallic 

spines and one straight or uncinate, more 

distal sclerite,”” most species also with ‘“‘two 

spines between the proximal spines and the 

distal endophallic sclerite.’? Additional 

characters cited, these shared with species 

in other groups, included ‘“tabdominal ster- 

num 5 of male apicomedially depressed and 

with a posteromedian prominence which is 

part of an isolated posteromedian sclerite 

...and profemora swollen, with a large ven- 

tral tooth and a smaller distal tooth.” 
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18 

Anthonomus species. 18, A. dogma, holotype, male genitalia, dorsal view. 19, 4. blik, holotype, Figs. 18-19. 

male genitalia, dorsal view. 

The new species described below has all 

of these A. furcatus group characters. Nev- 

ertheless, it is quite distinct in appearance 

from the species previously assigned to the 

group and was overlooked until now, main- 

ly because the vestiture is so different. In 

the previously described species, the scales 

on the pronotum and elytra are fairly dense, 

relatively broad, those on the elytral inter- 

striae “short, narrow, the apices directed 

toward the midline of the interstria” (Clark 

1988a:360). By contrast, the scales on the 

pronotum and elytra of the new species are 

small and sparse and the shining, black in- 

tegument is broadly exposed between them. 

Anthonomus blik, New SPECIES 

Fig. 19 

Holotype.—VENEZUELA. Lara: ¢ 

[VENEZ. Bordon/ leg. 13 XII 1978] [alred. 

de Bobare,/ m. 900. Edo. Lara] (CCBM). 

Recognition characters.—Anthonomus 
blik is distinguished from the other mem- 

bers of the 4. furcatus group by the black, 

smooth, shining integument and the small, 

sparse, lacteous scales on the prothorax and 

elytra. The scales are dense only in a narrow 

median vitta on the pronotum and ina broad 

vitta that extends across the pleuron, across 

the metepimeron and metepisternum, and 

around the apicolateral portions of the el- 

ytra. This pattern gives the species the gen- 

eral “otidocephaline-like” appearance not- 

ed in the species in the 4. dogma group. The 
large procoxal tooth is also unique to the 

species. 
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Male. — Length: 3.28 mm (n = 1). Width: 
1.48 mm (n = 1). Head: eyes round, strong- 

ly, evenly convex, prominent, separated by 

distance ca. 0.5 x width of rostrum at base. 
Rostrum: slender, length 1.52 (n = 1) 

pronotal length; proximal portion carinate, 

sparsely setose, with narrow lacteous scales 

at extreme base and on frons; distal portion 

glabrous, sparsely punctate, length 33% (n 

= 1) of total rostral length. Prothorax: pro- 

notum punctate, interspaces smooth, shin- 

ing; pleuron more coarsely punctate, inter- 

spaces narrower, rugulose; pronotum with 

narrow midline of small, dense, lacteous 

scales, and with intermixed sparse, long, 
narrow, lacteous scales and narrower, in- 

conspicuous aeneous scales; pleuron with 

conspicuous postocular vitta of broad lac- 

teous scales. E/ytra: striae not to only slight- 
ly impressed, with elongate punctures; in- 

terstriae nearly flat, smooth, shining, with 

sparse, narrow, lacteous scales; lacteous 

scales broader and dense in long apicolateral 

vitta; interstriae 2—5 slightly prominent near 

base. Abdomen: sternum 5 with isolated 

posteromedian sclerite. Legs: procoxa with 

large, blunt, anterior tooth; profemur 1.8 x 

as wide as metafemur, with a small slightly 

curved tooth anterobasal to large, broad- 

based, ventral tooth; protibia curved in bas- 

al *4, with slight inner marginal prominence 
in distal ¥3; protibial uncus slender, curved, 

acute; metafemur with one stout, conical 

tooth; metatibial mucro stout, parallel to 

long axis of tibia. Genitalia (Fig. 19): ae- 

deagus with acute, apicolateral promi- 
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nences; endophallus with two basal sclerites 

amid a dense field of denticles, two median 

spines anterior to a median row of small, 

sparse denticles, and one stout distal spine. 

Female. — Unknown. 

Distribution. —Anthonomus blik is known 

only from the holotype from Venezuela. 

Etymology.—The name of this species is 
a term applied by Rolston (1987) for any 

presupposition that might insulate a theory 

from refutation. 
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Abstract.—Life history observations and distribution records from a 1989 survey of 

Brychius hungerfordi Spangler, in Michigan are presented with a larval description. This 

rare beetle was found in 11 sites along a | mile long reach of East Branch of the Maple 

River and at one locality in the East Branch of the Black River. It inhabits clean gravel 

in moderate flow, which in these streams is set up and maintained by natural and human- 

made retention structures. Larvae were found in association with Chara, their probable 

food source; adults were observed crawling over patches of gravel and appear to feed by 

scraping biofilm from individual pieces. Larvae are morphologically typical of the genus. 

Key Words: 

The genus Brychius comprises 6 species 

which inhabit relatively clean, Holarctic 

streams (Holmen 1987). Larvae can be dif- 

ferentiated from those in other genera by 

their hooked terminal segment (White et al. 

1984). Adults have a distinctive, cordate 

pronotum and a relatively depressed, elon- 

gate shape (Spangler 1954). 

Brychius hungerfordi Spangler (1954), the 

only eastern North American Brychius spe- 

cies, has recently been determined by the 

U.S. Fish and Wildlife Service to be endan- 

gered throughout its range (U.S.F.W.S. 

1993). The senior author surveyed 125 sites 

in 56 northern Michigan streams to assess 

its distribution in 1989 and to analyze its 

habitat requirements. Prior to this survey, 

adults had been collected from 1 locality on 

the East Branch of the Maple River in Em- 

met County, Michigan, and another on the 

North Saugeen River in Bruce County, 

(Roughley 1991). No information on other 

life stages had been reported. 

Aquatic Coleoptera, Haliplidae, Brychius, Endangered species 

SURVEY METHODS 

The survey was conducted from June 21 

through October 3, 1989. The East Branch 

ofthe Maple River was sampled extensively 

during this period. Other sites, all within or 

adjacent to the Cheboygan River watershed, 

were searched for 15-60 minutes each de- 

pending on stream size and habitat com- 

plexity. 

Larvae and adults were caught in a 

D-frame, | mm diameter mesh net after 

being dislodged from substrata with an ap- 

proximately | meter long upstream kick. 

Larvae were also found by digging into damp 

sediment with a small shovel. Behavioral 

observations were made with the use of a 

diving mask and snorkel. 

SuRVEY RESULTS 

Adults were found in 11 sites along a | 

mile long reach of the East Branch of the 

Maple River; larvae were caught at 2 of 



VOLUME 96, NUMBER 2 

these sites. A single adult was caught in the 

East Branch of the Black River in Mont- 

morency County. 

Most adult and both larval collection sites 

are downstream from retention devices, in- 

cluding wood fences placed in the stream to 
retain sediment and channel flow, partially 
blocked culverts, natural debris dams, and 

beaver (Castor canadensis Linneaus) dams. 

Roughley’s (1991) Ontario site is down- 

stream from an impoundment dam with an 
epilimnion outlet. Larvae and adults ap- 

parently require the clean gravel substrata 

with high algal growth that beaver dams 

(Naiman et al. 1986) and human-made im- 

poundments (Voelz and Ward 1991) set up 

and maintain. 

Adults were present in the East Branch of 

the Maple River at each sampling date from 

June 23 to August 26, although they became 

increasingly difficult to find between July 20 

and the first larval collection date of August 

26. This decline coincided with a marked 

drop in water level. An intensive search on 

October 3 produced only larvae. 

Larvae were found in or near direct cur- 

rent in association with algae in the genus 

Chara. Larval haliplids commonly cling to 

and eat filamentous algae (Holmen 1987) 

including Chara (Leech and Chandler 1956). 

We believe that B. hungerfordi uses Chara 

for larval food and shelter. Larvae caught 

on October 3 are the same size (late instar) 
as those collected in August, but were found 

away from the current, buried 1n an island 

of damp sand and Chara up to 15 cm above 

the waterline. From this we conclude that 

like many haliplid species (Holmen 1987), 

they overwinter in the larval stage in posi- 

tion for spring pupation. 

Adults commonly inhabit water less than 

25 cm deep. This tendency to congregate in 

shallows allowed for close observation 

through a diving mask of approximately 50 

individuals in a | m? area. They spent most 

of the | hour observation time crawling up- 

stream on and through patches of clean 

gravel. Their apparent search behavior fea- 
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tured occasional pauses to grip single pieces 

for several minutes. We suspect that while 

clinging to a piece of gravel, they scrape and 

eat biofilm. They were seen swimming only 

when swept away by the current or when 

traveling to and from the surface for oxygen. 

DISCUSSION 

The survey results indicate that B. hun- 

gerfordi was rare in Michigan in 1989 and 
that maintaining retention structures, ri- 

parian zone integrity, and the beaver pop- 

ulation in its type stream is critical to main- 

taining population numbers and preserving 

genetic diversity. 

The present distribution indicates that B. 

hungerfordi may have once existed, or still 

does exist, elsewhere in the Lake Huron 

catchment. We suspect, however, that hu- 

man activities in the region, including beaver 

removal, riparian-zone logging, log trans- 

port-induced scouring, and nonnative in- 

sectivorous fish introduction may have 

eliminated it from many streams. 

LARVA 

Figs. 1-15 

The larva of Brychius has been known 

since Rousseau (1920a, b) described the lar- 

va of the Palearctic species Brychius elevatus 

(Panzer 1794) and provided keys to the lar- 

vae of the European haliplid genera Bry- 

chius, Haliplus, and Peltodytes (as Cnemi- 

dotus). Since that time, Bertrand (1928) 

discussed the larval morphology of Brychius 
in relationship to other haliplids and rede- 

scribed the larva of B. e/evatus; and the lar- 
va of Brychius was included in keys to hal- 

iplid genera by Leech and Chandler (1956), 

Leech and Sanderson (1959), Bertrand 

(1972), White et al. (1984), and Holmen 

(1987). 

The larva of none of the four North 

American species of Brychius has been fully 

described but may be identified to genus by 

using any of the keys cited above. The larva 

of Brychius may be readily distinguished 

from larvae of all other described haliplid 
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Figs. 1-9. 

and forelegs, x 220; 4, labroclypeus and mandibles, x 300; 5, head, lateral view, 

Brychius hungerfordi, \arva: |, head. dorsal view, = 120; 2, habitus, lateral view, x 15; 3, mandibles 

x 200; 6, pronotum, dorsal 

view, < 100; 7, pronotal base, asperities, and granular intersegmental sculpture, = 350; 8, granular intersegmental 

sculpture, 

genera by having the third antennal segment 

shorter than the second. 

We are confident that the larva used for 

the following larval description is that of 

Brychius hungerfordi because the larva is 

one of 12 larvae collected in association with 

adults of B. hungerfordi from the type lo- 

cality— Maple River, Michigan. Of the four 

nearctic species of the genus, B. hungerfordi 

is the only species known from the north- 

eastern United States and Ontario, Canada; 
the other three species included in the genus 
are known only from states of the Pacific 

Northwest. 

x 2000; 9, pronotal apex, granular intersegmental sculpture and asperities, x 500. 

Larva (by association: last instar). — Body 

form and size: Cylindrical and tapering to 
slender last segment. Length, 13.0 mm (Fig. 

Dy) 
Color: Body yellowish brown except api- 

cal third of femur, entire tibia and tarsus 

dark reddish brown. Stemmata black. Tho- 

racic and abdominal segments light yellow- 

ish brown except tergal and sternal sclerites 

and asperities darker reddish brown. 

Head: Prognathous (Figs. |, 2); moder- 

ately compressed dorsoventrally; broader 

than long (0.80 x 1.20 mm); with 6 stem- 

mata on each side of head, 4 large lower 
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Figs. 10-15. Brychius hungerfordi, larva: 10, head, thorax, and legs, oblique view, x 70; 11, antenna, dorsal 

view, x 700; 12, labial palpus, apical segment (above), and maxillary palpus, apical segment (below), * 2500; 

13, spiracle, abdominal segment 2, lateral view = 200; 14, spiracle, x 1200; 15, last abdominal segment, x 120. 

stemmata and 2 smaller stemmata arranged 

dorsally; all stemmata clustered directly be- 

hind antennae (Fig. 5); surface granular and 

uneven (Figs. 1, 5). Basal stem of ecdysial 

cleavage line short, about '4 length of head 

capsule on midline; arcuate branch extend- 

ing to base of each antenna. Antenna (Figs. 
5, 11), 4 segmented; segment | slightly 

shorter than segment 2: segment 2 slightly 

longer than segment 3; apical segment slen- 

der and slightly shorter than segment 3 and 

bearing a stout apical seta, seta as long as 

apical segment; antennal appendix similar 

in form to apical segment but without apical 

seta. Labroclypeus (Figs. 1, 4) broadly, 

moderately deeply emarginate apicomedi- 

ally; with 12 stout setae, 6 on each side of 

emargination. Labium subquadrate; with 

minute ligula. Labial palpus short, 2 seg- 

mented; last segment with few sensilla on 

apex (Fig. 12). Maxilla short, broad. Max- 

illary palpus, 3 segmented; last segment with 

several sensilla on apex (Fig. 12). Mentum 

about halfas wide apically than basally. Gu- 

lar sutures arcuate and extending from near 

base of mandible toward base of head; each 

suture with tentorial pit near midlength. 

Mandible (Figs. 1, 4) robust basally; with 

slender, perforate, incurved, spine-like pro- 

cess on apex; molar area with cluster of 7 

or 8 small, spine-like setae at upper angle 

and smaller cluster of 5 or 6 spinules near 

proximal angle; with 4 moderately long, 

slender setae on lateral margin and several 

tiny setae scattered on surface. 

Thorax: Pronotum (Fig. 6), mesonotum, 

and metanotum each with a large, subrec- 

tangular tergum. Terga densely covered with 

spine-like asperities (Figs. 6, 9). Pleural ar- 

eas membranous, covered with fine, dense 

granules (Figs. 7, 8). Prosternum with a 

presternite, an anterolateral episternum, and 
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a posterolateral epimeron. Mesosternum 

and metasternum each with an episternum 

and epimeron. Sides of mesothorax each 

with a ventral spiracle (Figs. 13, 14) antero- 

laterad of mesocoxa. Legs, 6 segmented— 

coxa, trochanter, femur, tibia, tarsus, and 

pretarsus (claw) (Figs. 3, 10). Foreleg (Figs. 

3, 10) moderately chelate; coxa with 2 long, 

slender setae on anterior (dorsal) surface and 

numerous tiny setae on ventral surface; tro- 

chanter with | stout distoventral seta on 

apex and 5 or 6 slender setae on posterior 

(ventral) surface; femur with 4 stout setae 

distoventrally—1 medially and 3 ventrally; 
tibia with 2 stout setae distoventrally and 2 

small setae dorsally; tarsus with 2 stout se- 

tae ventrally at apex and 2 smaller setae 

dorsally; pretarsus with 2 stout setae ven- 

trally at base. Midleg (Fig. 10) with 2-4 stout 

setae and 5 or 6 smaller, slender setae on 

medial (ventral) surface, with 3 or 4 small, 

slender setae on anterior (dorsal) surface, 

and numerous tiny setae on ventral surface 

of coxa; trochanter with 2 stout and | slen- 

der seta distoventrally and | slender seta 

about midlength ventrally and 2 small setae 

dorsally; femur with 5 or 6 long, stout setae 

on dorsal surface and 6-8 slender setae on 

ventral surface; tibia with 2 stout disto- 

ventral seta, with 2 slender, dorsal, subapi- 

cal setae and 2 small dorsal setae at base; 

tarsus with | long, slender, dorsal seta and 

2 stout, ventral, subapical setae; pretarsus 

with 2 stout ventral setae at base. Hindleg 

(Fig. 10) with 2 or 3 stout setae and 2 or 3 

smaller, slender setae on medial (ventral) 

surface of coxa, with 4 or 5 smaller, slender 

setae on anterior (dorsal) surface and nu- 

merous tiny setae on ventral surface; tro- 

chanter with 2 stout and 3 or 4 slender dis- 

toventral setae, with 2 or 3 slender ventral 

setae at midlength, and 2 small setae dor- 

sally; femur with 7 or 8 slender setae on 

dorsal surface and 6 stout setae on ventral 

surface; tibia with 4 slender setae on dorsal 

surface and 2 stout, distoventral setae; tar- 

sus with 2 stout, dorsal setae at apex; pre- 

tarsus with 2 stout, ventral setae at base. 

Hind margins of mesothoracic and meta- 
thoracic segments each with dense cluster 

of asperities each side of terga (Fig. 10) and 
an indication of ecdysial cleavage line on 

midline. 

Abdomen: Segments 1-9 each with a sin- 

gle rectangular or subquadrate tergum and 

sternum. Segments 1-8 each with a lateral 

spiracle near midlength 1n pleural area (Figs. 

13, 14). Segment 10 cylindro-conical, com- 

pletely sclerotized except at swollen base 

surrounding anus; terminating in a slender, 

decurved apex (Fig. 15). Tergal and sternal 

sculpture similar to sculpture on thoracic 

sclerites. Asperities along posterior margins 

of segments sparse except 4 dense clusters; 

1 at posterolateral angle of each tergum and 

1 on each side of midline. 
Larvae examined.—MICHIGAN: EM- 

MET COUNTY: E. Br. Maple River, 

T36NR4W, 3 Oct 1989, R. M. Strand, 2 

specimens; same data except 26 Aug 1989, 

4 specimens; deposited in the National Mu- 

seum of Natural History, Smithsonian In- 
stitution. Six additional specimens, four 
from 3 Oct and two from 26 Aug are in the 

Michigan State University Entomology 

Museum. 
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A NEW SPECIES OF NEOLASIOPTERA (DIPTERA: CECIDOMYIIDAE) 
FROM VERBESINA ALTERNIFOLIA (ASTERACEAE) IN 
SOUTHWESTERN PENNSYLVANIA AND MARYLAND 

JOHN D. PLAKIDAS 

103 McDonald Avenue, Pittsburgh, Pennsylvania 15223. 

Abstract. — A new species of Cecidomyiidae, Neoplasioptera incisa Plakidas, reared from 

apical branchlet galls on Verbesina alternifolia (Asteraceae), is described and illustrated. 

It is compared to Neolasioptera verbesinae Mohn, which forms galls on the stems of the 

same host. N. verbesinae, previously known only from El Salvador, is recorded for the 

first time from North America. 

Key Words: 

Two kinds of galls can be found on stems 

and branchlets of Verbesina alternifolia (L.) 

Britton in Pennsylvania and Maryland. One 

is large, tapered swelling near the base of 

the plant (Fig. 11), the other a smaller, more 

gently tapered swelling found only on the 

branchlets (Fig. 10). Both galls were noted 

and the large stem gall illustrated in Gagné 

(1989) under the heading Neolasioptera sp. 

Upon rearing a series of adult Neo/asioptera 

from the branchlet galls, I suspected they 

represented a new species. R. J. Gagne (in 

litt.) confirmed this for me and also reported 

that my specimens were different from those 

he had reared from the large stem gall, which 

he identified for me as made by Neolasiop- 
tera verbesinae Mohn, a species previously 

known only from El Salvador. He suggested 

that I make note of this new North Amer- 

ican record when I described the new spe- 

cies. I have since reared a series of adults 

from both kinds of galls to confirm that the 

two galls are species specific, occur in both 

Pennsylvania and Maryland, and are readi- 

ly distinguishable as both larvae and adults. 

The new species is described below and 

compared to N. verbesinae. 

Gall midges, Verbesina, Neolasioptera 

MATERIALS AND METHODS 

Stem and branchlet galls of V. alternifolia 

were collected in 1991-1993 along Pine 

Creek at Wildwood Road, Allegheny Co., 
Pennsylvania and in 1989 along the Monoc- 

acy River at Route 28 in Frederick Co., 

Maryland. Some larvae were removed from 

the galls for slide mounting and the re- 

mainder kept for rearing. Adult specimens 

were slide mounted or pinned. Slide mount- 

ing procedures followed Gagné (1989). 

Morphological terminology in the species 

description follows McAlpine (1981) and 

Gagné and Boldt (1989). Specimens are de- 

posited in the National Museum of Natural 

History (USNM), Washington, D.C. and the 

Carnegie Museum of Natural History 

(CMNRH), Pittsburgh, Pennsylvania. 

Neolasioptera incisa Plakidas, 

New SPECIES 

Adult.—Scale color pattern: frons brown; 

occiput and entire scutum brown; legs 

brown, unbanded; leading edge of wing black 

with a white spot at the juncture of the costa 

and R,; abdomen with a covering of black 

scales. Antenna with 13-14 flagellomeres in 
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Figs. 1-5. Neolasioptera incisa. 1, Male postabdomen (ventro-lateral). 2, Male genitalia (dorsal). 3, Male 

genitalia (ventral, cerci and hypoproct omitted). 4, Female postabdomen (ventrolateral). 5, Detail of cercus 

(lateral). Scale line for figs. 1, 4 = 0.25 mm; 2, 3, 5 = 0.13 mm. 
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Figs. 6-11. 6-7. Neolasioptera incisa. 6, Spatula and associated papillae. Eighth and anal larval segments 

(dorsal). Figs. 8-9. N. verbesinae. 8, Spatula and associated papillae. 9, Eighth and anal larval segments (dorsal). 

Fig. 10. Apical branchlet galls of N. incisa. Fig. 11. Stem gall of N. verbesinae. Scale line for figs. 6 = 0.1 mm; 

8, 9 = 0.15 mm; 10, 11 = 2.0 cm. 
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male (n = 2), 15—16 in female (n = 4). Frons 

with many setae and intermixed scales; la- 

bella hemispherical with setae laterally; pal- 

pus 4-segmented. Thoracic vestiture; scu- 

tum with dorsocentral and lateral rows of 

setae, covered elsewhere with scales except 

anterolaterally and posterolaterally between 

the lateral and dorsocentral setal rows, and 

anteromesally and posteromesally; katepi- 

sternum bare; anepisternum with scales on 

dorsal half; anepimeron with 14-20 setae 

and 0 scales. Wing length: male, 1.5—1.6 mm 

(n = 3); female, 2.0-2.2 mm (n = 5). Ratio 

length R, to remainder of wing: male, 0.50- 

0.53; female, 0.52-0.55. 
Male abdomen (Figs. 1-3): Tergites 1-7 

rectangular (Fig. 1), with a single row of 

posterior setae, 0 lateral setae, covered else- 

where with scales; tergite 7 shorter than ter- 

gite 6; tergite 8 unsclerotized, with pair of 

anterior trichoid sensilla; sternites 2-6 rect- 

angular; sternite 7 rectangular, shorter than 

sternite 6; sternite 8 much shorter than ster- 

nite 7; cerci deeply incised, longer than hy- 

poproct; hypoproct bilobed, shorter than 

aedeagus. 

Female abdomen (Figs. 4-5): Tergites I- 

6 longer than in male, vestiture as in male; 

tergite 7 much narrower than tergite 6, with 

two rows of posterior setae and scales on 

posterior third; tergite 8 trapezoidal, nar- 

rower than tergite 7, with 1-6 posterior se- 

tae, an anterior pair of trichoid sensilla, and 

0 scales; sternites 2-7 as for male; sternite 

8 absent; cerci (Fig. 5) ovoid, covered with 

setae and setulae; hypoproct setulose, about 

6 times as long as wide; tergite 6 0.38 length 

of distal half of the ovipositor (n = 1). 

Last instar.— Length, 2.7-3.5 mm (n = 3). 

Integument pebbled. Spatula (Fig. 6) tri- 

dentate, middle tooth shorter than lateral 

teeth. Four lateral papillae present on each 

side of spatula, two with short setae, two 

without; six terminal papillae on anal seg- 

ment (Fig. 7), all with equally long setae. 

Gall.—(Fig. 10). Tapered swelling at the 

base of the apical branchlets of V. al/terni- 
folia, \.5-2.0 cm in length. 

217 

Holotype: 1 female, PENNSYLVANIA, 

Allegheny Co., 7 km E Ingomar, emerged 

20 May 1993, deposited in USNM; Para- 

types: 8 females, PENNSYLVANIA, Alle- 

gheny Co., 7 km E Ingomar, emerged 28 

May 1993, six deposited in USNM, two in 

CMNH; | male (slide mount), PENNSYL- 

VANIA, Allegheny Co., 7 km E Ingomar, 

emerged 21 May 1993, deposited in USNM. 

Etymology.—The name /ncisa is an ad- 

jective meaning notched and refers to the 

notched hypoproct. 

Remarks. — Adults and larvae of the new 

species are distinctly different from those of 

N. verbesinae. Adults of N. incisa are almost 
entirely covered with black scales but those 

of N. verbesinae have white- and _ black- 

banded abdomen and legs. The male hy- 

poproct is bilobed in N. incisa, simple in N. 

verbesinae. The spatula of N. incisa (Fig. 6) 

has two large anterior teeth separated by a 

shorter one; that of N. verbesinae (Fig. 8) 
also has two large teeth but they are set far- 

ther apart, separated by two or more short 

serrations. The gall of N. verbesinae (Fig. 

11) occurs near the base of the host, while 

the gall of N. incisa (Fig. 10) occurs in the 

branchlets. 
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Abstract. — Baeodasymyia dominicana, a new fossil species of biting midge from Do- 

minican amber is described and illustrated. This is the first fossil species of Baeodasymyia, 
a Neotropical genus with one described extant species known from Colombia and Haiti. 
Baeodasymyia and Baeohelea are regarded as sister groups and evidence is presented for 

the monophyly of each genus. Baeohelea nana is recorded for the first time from the 

island of St. Kitts. 

Key Words: 

Neotropical 

Fossil Ceratopogonidae are known from 

sedimentary rocks and amber from many 

localities in the northern hemisphere, sensu 

Laurasia (Szadziewski 1988, 1990, 1993, 

Grogan and Szadziewski 1988, Szadziewski 

and Schliiter 1992). They are relatively 

common in Cretaceous and Tertiary amber, 

and the excellent preservation of some spec- 

imens allows for as detailed an examination 

as for extant species. More than 170 fossil 

species of ceratopogonids have been de- 

scribed to date and several studies are in 

progress. For example, Borkent (pers. 

comm.) has completed a manuscript dealing 

with the ceratopogonid fauna of Upper Cre- 

taceous Canadian amber. 

Biting midges from the Tertiary of North 

America (sensu Laurentia) are poorly 

known. The only described specimens are 

from Miocene calcareous nodules from Cal- 

ifornia (Palmer 1957, Pierce 1966), but these 

have little taxonomic value at the present 

time because most were described from pu- 

pae which are poorly known in the extant 

fauna. Several authors have reported cera- 

Diptera, Ceratopogonidae, biting midges, Dominican amber, fossil species, 

topogonids from Dominican amber (Schlee 

and Glockner 1978, Baroni Urbani and 

Saunders 1980, Davis 1989). Schlee (1980) 

found Heteromyia sp., and de Melette (1984) 

found other ceratopogonids in copula in 

Dominican amber. Undetermined cerato- 

pogonids are known from Mexican amber 

(Hurd et al. 1962), and we plan on address- 

ing these in a future paper. 

Dominican amber occurs in the northern 

and eastern portions of the island of His- 

paniola (Fraquet 1987), and ranges from 

Upper Eocene to Lower Miocene (Poinar 

1990). It has a minimum age of 15-17 mil- 

lion years (Ma) and maximum age of 30- 

40 Ma (Lambert et al. 1985). Mexican am- 

ber from the state of Chiapas, ranges from 

Upper Oligocene to Lower Miocene and was 

deposited 22.5-26 Ma (Berggren and Van 

Couvering 1974). 

Both Dominican and Mexican amber 

probably originated from resins of legumi- 

nous trees of the genus Hymenaea, especial- 

ly H. protera Poinar (1991). Trees of this 

genus are now widely distributed through- 
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Table 1. Families and numbers of Nematocera en- 

closed in Dominican amber in the collection of the 

U.S. National Museum of Natural History, Washing- 

ton (USNM). 

No. of 
Family specimens % of total 

1. Cecidomyiidae 979 34.94 

2. Ceratopogonidae 339 12.10 

3. Sciaridae B22: 11.49 

4. Scatopsidae 279 9.96 

5. Psychodidae Dil, 9.89 

6. Chironomidae 274 9.78 

7. Mycetophilidae 259 9.24 

8. Anisopodidae 33 1.18 

9. Culicidae 18 0.64 

10. Tipulidae 17 0.61 

11. Bibionidae 5 0.18 

Total 2802 

out the Greater Antilles and the rest of the 
Neotropical Region (Grimaldi 1987, Lan- 

genheim 1990). This amber formed during 

a geologic period when Hispaniola, as part 

of the Caribbean plate, continued on its 

eastward movement toward its present po- 

sition (Donnelly 1988), but before the for- 
mation of the Isthmus of Panama (Thenius 

1977). 
Biting midges are common in Dominican 

amber, representing 12% of the Nematocera 

in the amber material of the U.S. National 

Museum of Natural History (Table 1), as 

opposed to 7-11% of the Nematocera in 

various Baltic amber collections (Szad- 

ziewski 1988). Our goal is to produce a se- 

ries of papers that describe the ceratopo- 

gonid fauna preserved in Dominican amber 

(Table 2), and attempt to interpret their re- 

lationships to the extant New World fauna 

and the Tertiary fauna of Europe. 

MATERIAL AND METHODS 

Our studies are based on the examination 

of 584 ceratopogonids in Dominican amber 
(Table 2) from the following collections (ab- 

breviations follow those of Arnett and Sam- 

uelson 1986): American Museum of Natu- 

ral History, New York (AMNH); Florida 

State Collection of Arthropods, Gainesville 

(FSCA); U.S. National Museum of Natural 

History, Washington (USNM); R. Szad- 
ziewski personal collection, Department of 

Invertebrate Zoology, University of Gdansk, 

Poland (RYSC); Staatliches Museum fir 

Naturkunde, Stuttgart (SMNS). 

Specimens were prepared for study in the 

manner described by Szadziewski (1988). 

When possible, Canada balsam was used to 

fill empty cavities in the amber or the in- 

sect’s body. This allowed detailed exami- 
nation (to 240 x) of male genitalia, antennal 

sensilla and other structures that otherwise 

would not have been visible. 

Ceratopogonids preserved in Tertiary 
Baltic, Saxonian or Sakhalin amber are uni- 

formly dark brown, without patterns on their 

bodies or wings. Baltic and Saxonian amber 

are considered to be succinites because they 

contain 3-8% succinic acids (Kosmowska- 

Ceranowicz and Krumbiegel 1990, Fraquet 
1987). Szadziewski (1988, 1990) suggested 
that loss of color was due to carbonization 

or some other chemical activity. We now 

believe it likely that succinic, or other acids, 
may be partially or totally responsible for 

such color changes. Because colors are well 

preserved in biting midges from Dominican 

and Mexican amber, they probably lack or 

contain only trace amounts of acids. 
Explanations of morphological structures 

and abbreviations follow those of Downes 
and Wirth (1981), Szadziewski (1988), and 
Wirth and Grogan (1988). 

Genus Baeodasymyia 
Clastrier and Raccurt 

Baeodasymyia Clastrier and Raccurt, 1979: 
100. Type-species Baeodasymyia modes- 

ta Clastrier and Raccurt, by monotypy. 

Baeodasymyia dominicana 
Szadziewski and Grogan, New Species 

Figs. 1-11 

Diagnosis. — Distinguished by the follow- 

ing combination of characters: males with 

11 antennal flagellomeres, flagellomeres 2- 
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Table 2. 

collections abbreviated). 

Genera and numbers of Ceratopogonidae enclosed in Dominican amber (see text for names of 

Collection 

Genus USNM AMNH FSCA RYSC SMNS Total % of total 

1. Forcipomyia 137 61 41 15 —_ 254 43.49 

2. Brachypogon 140 66 17 1 _ 224 38.36 

3. Dasyhelea 37 9 7 — — 53 9.08 

4. Culicoides 9 17 3 — — 29 4.97 

5. Stilobezzia 5 2 2 1 - 10 1.71 

6. Atrichopogon 8 ~ — - _ 8 1.37 

7. Baeodasymyia 1 1 — = _ 2 0.34 

8. Nannohelea 1 = _ _ _ 1 0.17 

9. Heteromyia - =- — - l 1 0.17 

10. Palpomyia 1 _ _ - = 1 0.17 

11. Phaenobezzia _ 1 = _ - 1 0.17 

Total 339 157 70 17 l 584 

7 fused and 9-10 partially fused, and prox- 

imal palpal segment not swollen. 

Male. — Habitus (Fig. 1); total length 0.6 

mm; body black. Head: Eyes pubescent, 

dorsomedial separation of ommatidia not 
visible. Antennal flagellum (Fig. 2) with 11 

flagellomeres, flagellomeres 2-7 fused, dis- 

tal flagellomeres more elongate with 9 and 

10 partially fused, flagellomere 11 distinctly 

shorter than fused 9+ 10; sensilla coelocon- 

ica not visible on flagellomere 1; flagellum 

length 340 um. Proboscis very short. Palpus 

(Fig. 3) with 2 segments; proximal segment 

large, possibly composed of fused segments 

1-4, sensory pit not visible, palpal ratio ca. 

2.30; distal segment (primitive 5th) short, 

bearing 3 terminal setae. Thorax: Legs with 
femora and tibiae slender; fore tibia (Fig. 4) 

lacking apical spur, hind tibia (Fig. 5) with 

small apical spur; hind tibial comb (Fig. 5) 

composed of 5 setae, Ist twice as long as 

others; hind tarsomere | (Fig. 5) with setae 

that are not of typical palisade configura- 

tion; hind tarsal ratio 2.64; tarsomere 4 of 

each leg (Figs. 4-5) elongate cylindrical, 
nearly as long as tarsomere 3 with apical 

recurved setae; tarsomere 5 of each leg (Figs. 

4-5) slender, bearing minute, simple, equal 

sized claws. Wing (Fig. 6) length 0.50 mm; 
costal ratio 0.33; membrane covered with 

coarse macrotrichia; only R, C and proxi- 
mal portion of M well developed (Figs. 6— 

7), distal portions of M and CU and anal 

veins barely discernable; radial cells obso- 

lete (Fig. 7), juncture of C+R darkly pig- 

mented, forming a small stigma. Abdomen: 

Genitalia (Fig. 8) barely visible. Gonocoxite 

nearly straight; gonostylus long, slender, 

apex pointed. Tergite 9 with large distinct 

cercl; apicolateral processes not discernable. 

Female. — Partially damaged during prep- 

aration of amber. Antennal flagellum (Fig. 
9) with proximal 3 flagellomeres nearly glo- 

bose, remaining flagellomeres gradually in- 

creasing in length; flagellomere 1 with at 

least | apical sensilla coeloconica; flagellum 

length 268 um; antennal ratio 0.86. Hind 

tibial comb (Fig. 10) with 5 setae, Ist dis- 

tinctly longer than others; hind tarsomere | 

(Fig. 10) with setae forming a distinct row, 

hind tarsal ratio 2.42; hind tarsomere 4 (Fig. 

10) cylindrical; hind tarsomere 5 (Fig. 10) 

swollen, bearing minute, simple, equal sized 

claws. Wing membrane (Fig. 11) covered 

with coarse macrotrichia; radial cells ob- 
solete (observed before preparation). 

Type material.— Holotype male, Domin- 
ican Republic, enclosed in Oligo-Miocene 

amber, specific provenance unknown, pur- 

chased in Santo Domingo by D. Grimaldi 
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Figs. 1-8. 

of fore leg; 5, apex of tibia and tarsus of hind leg; 6, wing; 7, costa and radial veins of wing; 8, genitalia. Scales 

= 0.1 mm. 

(AMNH, DR-8-112). Paratype female in 

amber with one beetle, Dominican Repub- 

lic, Brodzinsky/Lopez-Penha amber collec- 

tion (USNM #5540). 
Etymology.—Named for the Dominican 

Republic, the country of origin of the amber 

on the island of Hispaniola (Fig. 16). 

Discussion.—A male and female of the 

only other species in this genus, the extant 

B. modesta from Haiti and a male and fe- 

8 

Baeodasymyia dominicana, male. 1, habitus; 2, flagellum; 3, palpus; 4, apex of tibia and tarsus 

male from Rio Raposo, Colombia (Fig. 16) 

differs from the new fossil species by the 

male which possesses an antenna (Fig. 14) 

with 10 flagellomeres, and a swollen prox- 

imal palpal segment. Clastrier and Raccurt 

(1979, Fig. 1A) illustrated the male antenna 

of B. modesta with 8 flagellomeres, but de- 

scribed it as having 10 flagellomeres. Clas- 
trier (pers. comm.) informs us that this il- 

lustration is incorrect and that all of the 
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Figs. 9-11. 

apex of wing. Scales = 0.1 mm. 

males in the type-series of B. modesta have 

10 flagellomeres (Fig. 14). In addition, the 

hind tibial spur of B. modesta is more robust 

and bifid or trifid, whereas in B. dominicana 

it appears to be slender and entire. Finally, 

Table 3 presents some numerical characters 

for both of these species. Note that there is 

considerable overlap for most of these char- 

acters, and in those characters which do not 

overlap, the differences are minor. 

Clastrier and Raccurt (1979) indicated 

that the wing veins of B. modesta, posterior 

to the r-m crossvein, were not evident. 

However, in their Fig. 1G, these veins are 

indicated by the presence of linear tracts of 

macrotrichia on the membrane. Our ex- 

10 
Baeodasymyia dominicana, female. 9, flagellum; 10, apex of tibia and tarsus of hind leg; 11, 

amination of this species reveals that the 

distal portions of the media, as well as the 

cubitus and anal veins, are in fact present 

but poorly marked. By carefully tracing the 

positions of the macrotrichia (or their sock- 

ets if the setae are broken off), a more or 

less dark line is evident, that reveals the true 

location of each vein. 

The remarkable similarity of this fossil 

species to the extant species is an indication 

that evolution in this genus has been very 

conservative. DeSalle et al. (1992) reported 

only a 3% substitution of base pairs of the 

16srDNA between the extinct termite Mas- 

totermes electrodominicus from Dominican 

amber and it’s only extant relative, M. dar- 

Table 3. Numerical characters of Baeodasymyia modesta and B. dominicana. 

B. modesta 

3 

1. Wing length (mm) 0.44-0.48 

2. Costal ratio 0.29-0.34 

3. Antennal ratio -— 

4. Flagellum length (um) 344-362 

5. Hind tarsal ratio 2.38-2.92 

6. Palpal ratio 2.50-2.57 

B. dominicana 

0.40-0.47 0.50 =— 

0.29-0.34 0.33 — 

0.78-0.97 = 0.86 

287-300 340 268 

2.77-2.86 2.64 2.44 

1.95-2.22 2.30 - 
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winiensis from Australia. Cano et al. (1992) 

reported a 7% substitution of base pairs of 

the 18s rRNA between the extinct stingless 
bee Proplebeia dominicana from Domini- 

can amber, and two related extant species 

of the genus Plebeia from Central America. 

It is interesting to note that stingless bees 
and primitive termites like Mastotermes are 

both extinct in the Caribbean. 
Phylogenetic Considerations. — When 

Grogan and Wirth (1980) proposed the ge- 

nus Nannohelea, they suggested that it and 

Baeohelea Wirth and Blanton (1970) were 

sister groups, based on the fact that males 

in both genera possessed a reduced antennal 

flagellum. Although this seemed a reason- 

able assumption then, it was unfortunate 

that Clastrier and Raccurt’s paper describ- 
ing the new genus Baeodasymyia, appeared 

too late (1979) for it to be considered in the 

paper on Nannohelea by Grogan and Wirth 
(1980). 

Recently, Borkent (1992) presented evi- 

dence indicating that Nannohelea belongs 

to an assemblage of genera that possess at 

least one enlarged katepisternal seta. Gro- 

gan and Borkent (1992) proposed the new 

genus Sinhalohelea from Sri Lanka, which 

also has enlarged katepisternal setae, and 

indicated that it forms the sister group of 
Brachypogon + Ceratoculicoides + Nan- 

nohelea + Rhynchohelea. 

Despite the fact that males of Baeoda- 

symyia, Baeohelea, Nannohelea, and some 

species of Brachypogon have a reduced an- 
tennal flagellum, this cannot be taken as ev- 

idence of their monophyly. In Brachypogon 

and Ceratoculicoides, flagellomere 11 is 

fused with the preceding proximal flagel- 

lomeres, a pattern not present in other cer- 

atopogonid genera (Grogan and Borkent 

1992). In Baeodasymyia and Baeohelea, the 

distal three to four flagellomeres (primitive 

9-13) are never fused with the preceding 

proximal flagellomeres. Furthermore, since 

Baeodasymyia and Baeohelea lack katepi- 

sternal setae, they obviously cannot belong 

to the above assemblage of genera that pos- 

sess this character. 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Clastrier and Raccurt (1979) proposed 

Baeodasymyia due to its resemblance to 

Baeohelea, and Paradasyhelea Macfie, a ge- 
nus presently assigned to the tribe Culicoi- 

dini. Until a study in progress by Borkent 

on the phylogenetic relationships of all gen- 

era in the family is completed, we follow 

Wirth and Grogan (1988), and consider 

Baeohelea and Baeodasymyia members of 
the tribe Ceratopogonini. The following 
characters provide evidence that these two 

genera form a monophyletic group, and are 

among the most highly modified and re- 

duced genera in the tribe Ceratopogonini. 

1. Palpus with three or more segments 

(plesiomorphic); palpus with two segments 
(apomorphic). 

Baeohelea and Baeodasymyia key to cou- 

plet 8 in the key to genera of Ceratopogonini 
in Wirth and Grogan (1988) by virtue of the 

fact that they are the only two genera in that 

tribe (and family) in which the palpus is 

reduced to only two segments. We consider 

this character to be a synapomorphy shared 

by both genera, and they are therefore sister 

groups, forming a monophyletic group. 

The reduction of palpal segments in other 

genera with only one segment distal to the 

one bearing a sensory pit (primitive 3rd) has 

previously been explained as the result of 

the fusion of the 4th and 5th segments (Fig. 

12A). However, an alternative explanation 

for the reduction and fusion of palpal seg- 

ments is possible. We have examined a fe- 

male of Culicoides minutissimus (Zetter- 
stedt) from Poland in which the 4th palpal 

segment is fused with the 3rd (Fig. 12B). 

This specimen demonstrates that such a ter- 

atological fusion is possible, and likely ex- 

plains the condition for genera such as 

Baeodasymyia and Baeohelea in which the 

last palpal segment is small and the one 

bearing the sensory pit is enlarged. 

2. Parameres of male genitalia present 

(plesiomorphic); parameres absent (apo- 

morphic). 

The parameres of the male genitalia in 

Baeodasymyia and Baeohelea appear to 
have been lost and this may also be indic- 
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ative of their shared ancestry. This char- 

acter state may be somewhat subject to ho- 

moplasy as parameres are reported to be 

absent in two other genera of Ceratopogon- 

ini. One of these, the Neotropical mono- 

typic Fittkauhelea (Wirth and Blanton 

1970), clearly belongs to another assem- 

blage of genera including Parabezzia, Di- 

aphanobezzia and Heteroceratopogon 

(Wirth and Grogan 1988). In the second 

genus, the poorly known Oriental Camp- 

topterohelea of unknown affinities, only the 
male of one of the five species is known, C. 

distincta, which was described by Dasgupta 

and Sarkar (1982) as lacking parameres. 

In addition, the vestigial mandible pres- 

ent in females of both genera may also be 

indicative of their shared ancestry. How- 

ever, this character is subject to homoplasy 

as females with vestigial mandibles are 
found in at least one other genus in the tribe 

Ceratopogonini, Notiohelea (Grogan and 
Wirth 1979, Spinelli and Grogan 1990), as 

well as Paradasyhelea (tribe Cuclicoidini). 

There are other genera of ceratopogonids 

with species in which the female mandible 

is vestigial, such as in some autogenous spe- 

cies of Culicoides and in at least one species 

of the predaceous genus Serromyia (Borkent 

and Bissett 1990). However, this condition 

is rare and clearly not universal for the ma- 

jority of species in these genera. 

3. Fore tibial spur present (plesiomor- 

phic); spur absent (apomorphic). 

The fore tibia of Baeodasymyia lacks an 

apical spur, a character present in all other 

genera of ceratopogonids. Therefore, we in- 

terpret the loss of the fore tibial spur as an 

autapomorphy in Baeodasymyia, and evi- 

dence of its recognition as a monophyletic 

group. 
4. Male antenna with 7 or more flagel- 

lomeres (plesiomorphic); with 6 flagello- 

meres (apomorphic). 

In males of Baeohelea, the distal three 

elongated flagellomeres contain only a sin- 
gle row of sensilla chaetica (Fig. 15), a pat- 

tern different from that of Baeodasymyia. 

Examination of a male of Baeohelea reveals 

12 
Fig. 12. Culicoides minutissimus, female. A, nor- 

mal palpus; B, palpus with fused 3rd and 4th segments. 

Scale = 0.1 mm. 

that the first of its elongated distal flagel- 
lomeres (flagellomere 3), contains two to four 

partial or complete rows of sensilla chaetica. 

This indicates that this flagellomere repre- 

sents the fusion of at least two or more prox- 
imal flagellomeres and that the pattern of 

fused flagellomeres in Baeohelea may be the 
result of a different genetic mechanism than 
in Baeodasymyia or Nannohelea. Further- 
more, Baeohelea is the only genus of cera- 
topogonids in which the male has only six 
flagellomeres, and the only genus with less 

than 10 flagellomeres in which the distal 

four are elongated. The males of three spe- 
cies of Nannohelea have only seven flagel- 
lomeres, but the number of elongated distal 

flagellomeres is either two (N. fuscipennis) 

or three (N. clastrieri and N. tamil) (Grogan 

and Wirth 1980, 1990). We interpret this 

fusion pattern and reduction to only six fla- 

gellomeres in the male as an autapomorphy 

unique to Baeohelea and evidence of its 

monophyly. 

Grogan and Borkent (1992) noted in males 

of Nannohelea that some of their distal fla- 



226 

Figs. 13-15. 
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Male antennal flagella of: 13, Baeodasymyia dominicana; 14, B. modesta (modified after Clastrier 

and Raccurt); 15, Baeohelea nana (modified after Wirth and Blanton). Scales = 0.1 mm. 

gellomeres contained a double row of setae 
(sensilla chaetica). They interpreted this as 

evidence that these flagellomeres were 
formed as the result of fusion of two or more 

primitive flagellomeres. Examination of 

males of Baeodasymyia modesta reveals that 
the penultimate two flagellomeres contain 

a double row of sensilla chaetica and rep- 

resents the results of the fusion of the prim- 
itive 9+ 10 and 11+ 12 (Fig. 14). This fusion 

is only partially completed for flagellomeres 

9 and 10 (primitive 11 and 12) in the fossil 

B. dominicana (Fig. 13). 

Bionomics and distribution.— Baeoda- 

symyia modesta is known from Colombia 
(Wirth and Grogan 1988) and Haiti (Fig. 

16) where adults were reared from the sandy 

edges of rivers (Clastrier and Raccurt 1979). 

Baeohelea nana is known from Colom- 

bia, Dominica and Ecuador (Fig. 16), and 

in Dominica is confined to the rainforest at 

or above 2000 ft (Wirth and Blanton 1970). 
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@ B.dominicana 

@ B. modesta 

@ B.nana 

Fig. 16. 

Borkent (pers. comm.) collected this species 

on St. Kitts from a wet rainforest near a 

small waterfall 1.6 km N of Basseterre on 

11 November 1985 at 443 m, and represent 

the first record of this species from that is- 

land (Fig. 16). 
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Abstract. — Mustang is one of the northernmost districts in Nepal. Most of it is in the 

rain shadow of the high Himalaya Mountains, therefore, it has a paucity of rainfall. A 

mosquito survey of the district resulted in collecting 10 species, four in the genus Aedes, 

five in the genus Cu/ex and one in the genus Anopheles. The climate and collecting sites 

are described. Breeding was found up to 3738 m. 

Key Words: Mosquitoes, Nepal, Mustang 

Mustang 1s Nepal’s northernmost district 

(see Fig. 1), located in the westcentral sector. 

Some background on the geography of Ne- 

pal will help understand the location and 

peculiar ecology of Mustang District. Nepal 

is divided into seven topographical zones, 

i.e. from south to north: the terai, the Si- 

walik Range, the Mahabharat Range, the 

Nepal Midlands, the high Himalayas, the 

inner Himalayas and the Tibetan marginal 

mountains (Hagen 1961). We have previ- 

ously surveyed for mosquitoes in all of these 

zones, except the last three. Most of Mus- 

tang lies in the inner Himalayas, stretches 

northward to the Tibetan marginal moun- 

tains and southward to the Nepal midlands 

by means of the Kali Gandaki River Valley 
which cuts through the high Himalayas be- 

tween the Annapurna Range to the east and 

the Dhauligiri Range to the west. Both these 

ranges have peaks of over 8000 m. 

Mustang was formerly an independent 

kingdom with its own monarch but pres- 

ently it is under Nepal administration. The 

district government offices are located in 

Jomsom at 84°17’E and 28°60'N (Fig. 2). 

Most of the district is above an altitude of 
3000 m, although its southern extension 
along the Kali Gandaki River Valley has 

elevations as low as 1630 m at Rhuksecha- 

hara. The source of the Kali Gandaki River, 
the main drainage system for central Nepal 

is in the Tibetan marginal mountains of 

Mustang. 

An impressive religious temple complex 

in Mustang 1s Muktinath, important to both 

Hindus and Buddhists. Since ca. 3000 BC 

pilgrims have been travelling to this site at 
3800 m elevation. 

The climate of most of Mustang is dry 
with annual rainfall of 20 cm. The northern 

75% of the district is located in the rain 

shadow of the Great Himalaya Ranges which 

prevents the monsoon rains from reaching 

the area. 

Another feature of the weather of the area 
is the wind. Hagen (1961) explained it this 

way: “In summer, the sun warms the thin 

air above the Tibet plateau [about one mil- 

lion km? in size] very strongly, for neither 
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haze nor clouds impede its scorching rays. 

The specific weight of the air thus becomes 

lighter and the air rises. In Tibet and in the 

inner-Asiatic desert basins intense low pres- 

sure is the result, which causes air to be 

drawn in from all sides. In Nepal, on the 

southern margin of this area of low pressure, 
southerly winds prevail in the summer 

months.” 

The Kali Gandaki Valley forms a trough 
in the high Himalaya Mountains making a 

pathway for the wind thus drawn from low- 

er elevations. So, starting about 1000 h the 

wind blows at around 30 knots almost con- 

stantly until nightfall. 
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Map of the Western Development Region of Nepal, highlighting the location of Mustang District. 

Our objective in visiting this district was 

to investigate mosquito habitats and species 

composition as it relates to altitude. So on 

August 4, 1992 we flew to Jomsom, along 
with a Nepali entomological technician; and 

conducted a survey of the area as far north 

as Muktinath. One of us (GWC) trekked 
from Jomsom south to Pokhara in order to 

collect in the lower reaches of the district 

along the Kali Gandaki Valley. 
Along the 32 km trek between Jomsom 

and the southern border of Mustang, the 

flora changes dramatically. As one travels 

south from Jomsom and out of the rain 

shadow of the high Himalayas, the vege- 
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Figs. 2-6. 2. Mustang District Headquarters, Jomsom, at 2750 m elevation. The surrounding mountains are 

mostly devoid of vegetation except in the foreground where a crop of buckwheat was being grown on irrigated 

terraces. Fig. 3. The stream, Ghatte Khola, and vegetation near Kalopani at 2530 m elevation showing the 

change to coniferous forests. dedes shortti and Ae. pseudotaeniatus were collected in this biotype. Fig. 4. Trail 

from Chitri to Ghorepani at 1951 m elevation showing change to rhododendron and oak forests. Aedes dissimilis, 

Ae. pulchriventer, Ae. pseudotaeniatus, Ae. shortti and Cx. palliodothorax were found in this area. Fig. 5. Pond 

at Thinigaun at 2800 m elevation where one Anopheles species and four Culex species were collected. Fig. 6. 

Pond at Jharkot at 3738 m elevation where Cx. theileri and Cx. vagans were collected. 
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Table |. 

373 374 381 

Species associations from 1992 mosquito collections by field collection numbers (as noted in text). 

Species 373 2 375 38 383 38 385 

Ae. dissimilis 

Ae. pseudotaeniatus 

Ae. pulchriventer 

Ae. shortti 

An. baileyi 

Cx. jacksoni 

Cx. theileri 

Cx. vagans 

Cx. pallidothorax 

(6x 

mK KM 

mem MK 

tation changes to temperate conifers, first to 
junipers, then to firs and hemlocks (Fig. 3). 

Beyond the boulder-ridden Kali Gandaki 

Gorge, subtropical forest of oak, rhododen- 
dron and bamboo predominate (Fig. 4). 

These ecological transformations are pre- 

sumably related to the amount of rainfall. 

The temperate vegetation is supported by 

an annual average rainfall of 100-150 mm, 
whereas the subtropics receives about 250 

mm, annually. 
Immature mosquitoes were dipped from 

habitats, placed in whirlpak bags and stored 

at our temporary lodgings. Subsequently that 

were transported to base camp in Pokhara 

for rearing and identification. The speci- 

mens are deposited in the collection of the 

International Center for Public Health Re- 

search, University of South Carolina. 

RESULTS 

Finding larval habitats in an area where 

rainfall is minimal was a challenge. We were 

working in the valley of the Kali Gandaki 

River which at the time of our visit was in 

flood stage due to melting snow. It was about 

15 m wide as it flowed through Jomsom, 
our base of operations. Irrigation was widely 
practiced and terraces were used to grow 

crops such as buckwheat, corn, wheat, and 

fruit, i.e. apples, peaches and apricots. We 

soon discovered that most villages had a 

pond to water the livestock, for cattle, sheep 

382 383 384 385 389 390 

~ mK mK 

~*~ ‘x. viridiventer > 

and horses (Figs. 5, 6). These ponds were 

the main sources for mosquito production. 

In one place where breeding was encoun- 

tered, a section of the flood plain of the Kali 

Gandaki River north of Jomsom had been 
artificially inundated in order to grow grass 

for the livestock. Another larval sample was 

taken from a large pool at the side of the 

river. As we ascended from 2750 m to 3800 

m on the trek from Jomsom to Jharkot and 

Muktinath the landscape was barren, prac- 

tically devoid of vegetation and no water 

collections were found except in the villages. 

We are including one collection made in 

Myagdi District. It was just across the Kali 

Gandaki River which formed the border be- 

tween Mustang and Myagdi districts. We 

believe these species also occur in the for- 

mer. 

Ten species were collected of which four 

were in the genus Aedes, five in the genus 

Culex and one in the genus Anopheles. Spe- 

cies associations from these samples are giv- 

enin Table 1. The numbers 1n brackets refer 
to field collection numbers and abbrevia- 

tions F = female and M = male. 

NOTES ON SPECIES 

Aedes (Kenknightia) dissimilis (Leicester) 

MYAGDI, Ghasa, Kali Gandaki Trail, 
elev. 1951 m, VIII-6-92, [375] 2F, reared 

from pupae, ex seepage pool (G. W. Court- 

ney). 



234 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Aedes (Finlaya) pseudotaeniatus (Giles) 

MUSTANG, Kobang, Kali Gandaki 

Trail, elev. 2600 m, VIII-5-92, [373] 1M, 
reared from pupa, ex stream pool; MYAG- 

DI, Ghasa, Kali Gandaki Trail, elev. 1951, 

VIII-6-92, [375] 1F, reared from pupa, ex 

seepage pool (G. W. Courtney). 

Aedes (Finlaya) pulchriventer (Giles) 

MYAGDI, Ghasa, Kali Gandaki Trail, 

elev. 1951 m, VIII-6-92, [375] 2F, 1M, 
reared from larvae, 1F, 1M, reared from 

pupae, ex seepage pool (G. W. Courtney). 

Aedes (Finlaya) shortti (Barraud) 

MUSTANG, Kobang, Kali Gandaki 

Trail, elev. 2600 m, VIII-5-92, [373] 3F, 
2M, reared from larvae, 1M, reared from 

pupa, ex stream pool; MYADGI, Ghasa, 

Kali Gandaki Trail, elev. 1951 m, VIII-6- 

92, [375] 9F, 6M, reared from larvae, 4F, 
5M, reared from pupae, ex seepage pool (G. 

W. Courtney). 

Anopheles (Anopheles) baileyi Edwards 

MUSTANG, Thinigaun elev. 2800 M, 

VIII-4-92, [381] 1M, reared from pupa, 
VIII-7-92, [382] 3F, 5M, reared from pu- 

pae, ex pond with some aquatic vegetation 

and human debris (e.g. old shoes, plastic 

bags) (R. F. Darsie) (Fig. 5). 

Culex (Culex) jacksoni Edwards 

MUSTANG, Thinigaun, elev. 2800 m, 

VITI-4-92, [381] 11F, 11M, reared from pu- 
pae; VIII-7-92, [382] 2F, 1M, reared from 

larva, 19F, 8M, reared from pupae, ex pond 

with some aquatic vegetation and human 

debris; Jomsom, elev. 2750 m, VIII-5-92, 
{383] 1M, reared from pupa, ex seepage 

spring; VIII-8-92, [385] 2M, reared from 

larva, 1F, 1M, reared from pupae, ex river 

margin pool (R. F. Darsie); MYAGDI, 

Ghasa, elev. 1951 m, VIII-6-92, [375] IF, 
reared from pupa, ex animal track rain pool 

(G. W. Courtney). 

Culex (Culex) theileri Theobald 

MUSTANG, Thinigaun, elev. 2800 m, 
VIII-4-92, [381] 7F, 13M, reared from pu- 

pae; VIII-7-92, [382] 11F, 16M, reared from 

pupae, ex pond with some aquatic vegeta- 

tion and human debris; Jharkot, elev. 3738 

m, VIII-6-92, [390] 1F, 1M, reared from 

pupae, ex large pond with grassy margins 

(R. F. Darsie) (Fig. 6). 

Culex (Culex) vagans Wiedemann 

MUSTANG, Thinigaun, elev. 2800 m, 

VIII-4-92, [381] 9F, 2M, reared from pu- 

pae; VIII-7-92, [382] 14F, 22M, reared from 

pupae, ex pond with some aquatic vegeta- 

tion and human debris; Jomsom, elev. 2750 

m, VIII-5-92, [384] 2F, reared from larvae, 

1F, 1M, reared from pupae, ex ground pool 

with much emergent grasses; VII-8-92, [385] 

4F, 7M, reared from larvae, 3F, 9M, reared 

from pupae, ex river margin pool; Jharkot, 

elev. 3738 m, VIII-6-92, [390] 2F, reared 
from larvae, 1F, 4M, reared from pupae, ex 

large pond with grassy margins and clumps 
of dense emergent grass (R. F. Darsie). 

Culex (Culiciomyia) pallidothorax 

Theobald 

MUSTANG, Kalopani, elev. 2500 m, 

VIII-6-92, [374] 1F, reared from pupa, ex 

seepage pool; MYAGDI, Ghasa, elev. 1951 

m, VIII-6-92, [375] 1F, reared from pupa, 

ex seepage pool (G. W. Courtney). 

Culex (Culiciomyia) viridiventer Giles 

MUSTANG, Thinigaun, elev. 2800 m, 

VIII-4-92, [382] 1F, reared from pupa, ex 

pond with some aquatic vegetation and hu- 

man debris (R. F. Darsie); Kalopani, elev. 

2400 m, VIII-6-92, [374] 1F, reared from 

larva, ex seepage pool, MYAGDI, Ghasa, 

elev. 1951 m, VIII-6-92, [375] 1F, 1M, 
reared from pupae, ex animal track rain pool 

(G. W. Courtney). 

Culex theileri, which had not been col- 
lected since 1958 (Darsie and Pradhan 

1990), was a common species at the two 
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highest sites, 2800 and 3736 m. The wing 

lengths of adults reared from immatures 

were measured. All the species collected 

above 2700 m have unusually long wings 

measuring an average of 4.5 mm. No adults 

were found during our visit. 

Our experience in North America sug- 

gests that, as one travels north or ascends 

to high elevations, only species of the genus 

Aedes, and occasionally Culiseta, are found. 
We therefore expected to collect species of 

Aedes at the highest elevations, but instead 
the Culex mosquitoes predominated. 
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REVIEW OF THE NEARCTIC SPECIES OF THE GENUS 
CHELIFERA MACQUART (DIPTERA: EMPIDIDAE; HEMERODROMIINAE) 
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Abstract.—The genus Chelifera Macquart is reviewed for the Nearctic Region. New 

descriptions and diagnoses of the genus and 16 previously known species are presented. 

Six new species are described: Chelifera bidenta n. sp., Chelifera circinata n. sp., Chelifera 

multidenta n. sp., Chelifera neangusta n. sp., Chelifera subensifera n. sp. and Chelifera 

subnotata n. sp. Chelifera scrotifera Melander is shown to be a junior synonym of C. 
valida (Loew). Chelifera chvalai Wagner, known previously only from the Palearctic Re- 

gion, is reported from North America. Separate keys to male and female adults, illustra- 

tions of male terminalia, and known distributions are included. 

Key Words: 

Adult flies of the genus Chelifera Mac- 

quart (Diptera: Empididae) are similar to 

those of other genera of Hemerodromiinae 

in being relatively small and slender, and in 

possessing strong raptorial forelegs. Their 

wings lack an anal lobe and are relatively 

slender. The subfamily Hemerodromiinae 

has been treated taxonomically by Melan- 

der (1902, 1928, 1947) and MacDonald 

(1988). Species fitting the present concept 

of Chelifera are primarily Holarctic, with 
16 described Nearctic species (Melander 

1947) and 24 described Palearctic species 

(Chvala and Wagner 1989), but one species 

is reported from Chile (Smith 1967) and 

four are known from New Zealand (Smith 

1989). 
The genus Chelifera is poorly represented 

in the southeastern United States and the 

Great Plains of North America, and western 

species appear to be restricted to higher el- 

evations; only one species, C. palloris (Co- 

quillett), occurs widely in the Nearctic Re- 

gion. Also, only one species, C. chvalai 
Wagner, is known to be Holarctic, but an 

additional four species, treated below, occur 

Diptera, Empididae, Hemerodromiinae, Chelifera, Thanategia, dance flies 

in Alaska, suggesting that study of the east- 

ern Palearctic fauna may reveal more ex- 

tensive distributions than presently docu- 

mented. 

Adults of most Nearctic species are not 

commonly collected, compared to represen- 

tatives of other genera of Hemerodromi- 
inae, as reflected by their relatively low 

numbers in North American collections. In- 

deed, six Nearctic species are represented 

only by one to three males. Collecting data 

presented on specimen labels revealed adults 

of Chelifera have been swept from vegeta- 

tion and taken in Malaise traps set up along 

streams, but I consistently failed to collect 

them in habitats where adults of other gen- 

era of Hemerodromiinae are commonly en- 

countered. In the present study, no adults 

were observed on riparian vegetation, and 

only an occasional adult of three species was 

collected in Malaise traps set up along or 

across small streams in hardwood forests of 
Indiana and Michigan and in the central 

Sierra Nevada Mountains of California. 

Adults of the genus Chelifera are preda- 
cious, but no records of prey capture were 
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found. The immature stages of several Pa- 

learctic species of Chelifera are described 

and known to be aquatic (summarized in 

Smith 1969); Nearctic species are presumed 

to be similar in form and habitat (Harper 

1980, Landry and Harper 1985, Steyskal 

and Knutson 1981). 

The present taxonomic study is limited 

to Chelifera species of the Nearctic Region 

and includes a generic diagnosis, diagnoses 

and descriptions of known species and six 

newly described species, separate keys to 

male and female adults, illustrations of male 

terminalia, and known distributions. 

MATERIALS AND METHODS 

This study was facilitated by the exami- 

nation of a relatively large number of spec- 

imens added to North American collections 

since Melander’s (1947) revision. The fol- 

lowing institutions (acronyms following) 

provided the material upon which this work 

is based: American Museum of Natural His- 
tory, New York (AMNH); California Acad- 

emy of Sciences, San Francisco (CAS); Ca- 

nadian National Collection, Biological 

Resources Division, Agriculture Canada, 

Ottawa (CNC); British Museum (Natural 

History), London (BMNH): Cornell Uni- 

versity, Ithaca (CU); Florida State Collec- 

tion of Arthropods, Gainesville (FSCA); 

James Entomological Collection, Washing- 

ton State University, Pullman (WSU); Mu- 

seum of Comparative Zoology, Harvard 

University, Cambridge (MCZ); Purdue 

University Entomological Research Collec- 

tion, W. Lafayette (PERC); Snow Museum, 

University of Kansas, Lawrence (UKL): 

National Museum of Natural History, 
Washington D.C. (USNM); University of 

California, Riverside (UCR); University of 

Minnesota, St. Paul (UMSP): University of 

New Hampshire, Durham (UNH); and Utah 

State University, Logan (USU). Specimens 

also came from the author’s collection 

(MAC). 

The methods employed in this study were 

reported in a review of the genus Chelipoda 
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Macquart (MacDonald 1993), which in- 

cluded details of specimen preparation pre- 

sented by Cumming (1992). Terminology 

pertaining to vestiture is based on McAlpine 

(1981), but interpretation of male termina- 

lia follows Cumming and Sinclair (1990); 

interpretation of female terminalia is based 

on Cumming and Cooper (1992). The phal- 

lus of males was not employed in this study 

because it is not essential to identification 

and, unlike certain diagnostic features of 

terminalia, it usually is not visible on intact 

specimens and requires dissection from 

macerated specimens. 

Genus Chelifera Macquart 

Chelifera Macquart, 1823: 150. Type spe- 

cies: Chelifera raptor Macquart (1823) 

(mon.)=monostigma (Meigen 1822). 

Mantipeza Rondani, 1856: 148. Type spe- 

cies: Hemerodromia monostigma Meigen 

(1822) (orig. des.). 

Polydromia Bigot, 1857: 557, 562 (as Poly- 

dromya, which was regarded later as er- 

roneous). Type species: Tachydromia 

praecatoria Fallén, 1816 (des. Coquillett, 

1910: 593). 
Thanategia Melander, 1928: 263 (as sub- 

genus of Chelifera). Type species: Hem- 
erodromia defecta Loew, 1862. 

Diagnosis. — Adult flies in the genus Che- 
lifera are distinguished from those of other 

Nearctic Hemerodromiinae by the combi- 

nation of a microscopic antennal stylus to- 

gether with comparatively greater devel- 

opment of venation. The consistent 

venational characteristics include: cross- 

veins h and bm-cu present (dm-cu typically 

is developed, but occasionally is absent or 

incomplete in one or both wings and nearly 

always absent in one species): closed cell bm 

present (cell dm typically is closed also); 

anal cell developed; and, veins R,,; and 

M, > petiolate. 

Description.—The Nearctic species of 
Chelifera agree in general with the generic 
description of Collin (1961), with the fol- 
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lowing additions and modifications. Body 
length including terminalia 3.0-5.0 mm. 

Fore femur ventrally with 2 median rows 

of 14-20 black setulae, each with flanking 

row of 4-6 light brown bristles. Wings hy- 

aline; crossveins h and bm-cu present; cell 

bm closed; anal cell developed; veins R,, ; 

and M, ,, petiolate. Male terminalia includ- 

ing hypandrium, pair of epandrial lobes of 

different shape and vestiture, and pair of 

cerci of differing shape and vestiture; hy- 

pandrium bearing an anterior and a poste- 

rior pair of processes of differing length and 

shape; phallus of differing shape and ves- 
titure, complex apically. Female “oviposi- 

tor” of differing degree of development 

formed from cerci and abdominal segments 

8 and 10. 
Remarks. — Adults of Chelifera closely re- 

semble those of Metachela Coquillett, but, 

as stated above, possess both a microscopic 

antennal stylus and crossvein bm-cu. In 

contrast, the latter possess a longer and 

thicker antennal stylus and lack crossvein 

bm-cu. These two traits are the basis for 

treating Chelifera and Metachela as separate 

genera, a taxonomic treatment proposed by 

Coquillett (1903) and followed by Melander 

(1947). This arrangement is followed in this 

paper, but no phylogenetic analysis has 

demonstrated the monophyly of either tax- 

on or their relationship to other genera of 

Hemerodromiinae. Three species, Chelifera 

defecta (Loew), C. recurvata (Melander) and 

C. stuprator (Melander), formerly com- 

prised the genus Thanategia Melander, 
which recently was shown to be a junior 

synonym of Chelifera (MacDonald 1988). 
Males of species of Chelifera treated here 

possess terminalia that provide the primary 

basis for identification, some diagnostic fea- 
tures of which are visible without macera- 

tion. The most important characteristics are 

the general shape, vestiture, and coloration 

of the cercus and the epandrial lobe, and 

the structure of the anterior and posterior 

pairs of hypandrial processes; the latter are 
visible only on macerated specimens. In ad- 
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dition, structure and vestiture of legs, and 

coloration patterns are of taxonomic value 

and are employed in the identification key. 

Females of species of Chelifera treated 
here lack several leg characters found on 

conspecific males, but most species can be 

identified by using a combination of the 
presence or absence of an ovipositor, body 

coloration, presence or absence of a wing 

stigma, minor differences in venation, and 

body size. The ovipositor is important in 

separating groups of species. Three descrip- 

tive phrases are applied to the ovipositor in 

the key and treatments of species: well-de- 
veloped, moderately developed, or weakly 

developed. A well-developed ovipositor 

(Fig. 27) is at least three times longer than 

its basal width, strongly sclerotized, and 

shiny; each cercus is at least twice its basal 

width. A moderately developed ovipositor, 

characteristic of a few species, is about two 

times longer than its basal width, sclero- 

tized, and shiny; each cercus 1s longer than 

its basal width. A weakly developed ovi- 

positor (Fig. 28) lacks elongation and scle- 

rotization, and each cercus is shorter than 

its basal width. Females of sympatric spe- 

cies may be difficult to distinguish and their 

identification depends on association with 

concurrently collected males or by geo- 

graphical distribution. 
Half of the Nearctic species appear to be- 

long to three informal species groups, the 

C. notata (Loew) group, the C. cirrata Me- 

lander group, and the C. varix Melander 

group. Described below, these groupings fa- 

cilitate the diagnosis of species treated be- 
low. No phylogenetic analysis has demon- 

strated the monophyly of these groups, 

however, and the relationships of the re- 

maining eleven species have not been re- 

solved. Examination of various compo- 

nents of male terminalia of these eleven 

species suggested additional informal spe- 

cies groups, but such groups were not con- 

sistently supported by non-genitalic char- 

acters. 
The C. notata group includes C. notata, 
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C. caliga Lavallee, and three new species 

described below, C. neangusta, C. suben- 

sifera and C. subnotata. This group is char- 

acterized by the development of a row of 

black setulae midway along the ventral sur- 

face of the mid femur on males, a large black 

setula situated basomedially on each cercus 

of males, a well-developed ovipositor in fe- 

males, and a prominent stigma immediately 

anterior to the union of R,,, with C in both 

sexes. The C. cirrata group includes C. cir- 

rata, C. ensifera Melander, and one new 

species described below, C. subensifera. This 

group is characterized by the unusual de- 

velopment of the eighth abdominal tergum 

in males, which extends posteriorly to cover 

much of the hypandrium and part of the 
epandrial lobes. Females possess a well-de- 

veloped ovipositor, and both sexes posses 

two rows of black setulae on the ventral 

surface of the fore tibia (see Fig. 26). This 

latter trait contrasts to the presence of but 

one row in other species treated here. The 

C. varix group includes C. varix, C. chvalai 
Wagner, and C. mana Lavallee. This group 

is characterized by an unusual development 
of the fore femur in males, the diameter of 
which is at least three times that of the fore 

tibia and which has a distal projection that 

bears a thick fringe of golden setae along its 

inner surface (see Fig. 7). Females possess 

a well-developed ovipositor, but unlike fe- 

males of the C. notata group they lack a 

wing stigma and unlike those of the C. cir- 

rata group they possess but a single row of 

setulae on the ventral surface of the fore 

tibia. 

Key TO MALE ADULTS OF THE NEARCTIC 

SPECIES OF CHELIFERA MACQUART 

1. Mid femur ventrally with black setulae mid- 

way (Fig. 1); stigma usually developed (Fig. 

30) ©3. 

— Mid femur ventrally lacking black ‘setulae 

midway; stigma lacking (Fig. 29) ........ 6 

Scutum nearly concolorous light brown: cer- 

cus with mid-dorsal, hooked process directed 

inward and bearing 3 distal setulae (Fig. 2) . 

; _ ©. circinata, n. sp. 

- Scutum sath either | median or 2 longitudinal 

in) 

to 

. M, ca. 3x longer than stem M,., 
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stripes (usually complete, especially on pos- 

terior third); cercus lacking mid-dorsal, hooked 

PIOCess/ Hoa. 5s 3 

. Scutum with | broad: dames median Sime 4 

Scutum with 2 thin, darker lateral stripes 

{usually complete, especially on posterior 

third) wn 

. Cercus dark brown, contrasting ih yellow- 

ish brown epandrial lobe; cercus slender dis- 

tally, with dorsal undulation on basal third: 

(Fig. 3) . : C. notata (Loew) 

Cercus and epandrial lobe brown; cercus 

broadened distally, lacking dorsal undulation 

on basal third (Fig. 4) C. subnotata, n. sp. 

. Scutum with 2 complete lateral stripes; cercus 

and epandrial lobe yellowish brown; cercus 

abruptly narrowed ca. midway in lateral view 

(Fig. 5) ; C. caliga Lavallee 

Scutum with 2 lateral stripes on posterior third 

only; cercus brown, contrasting with yellow- 

ish brown epandrial lobe; cercus smoothly un- 

dulant in lateral view (Fig. 6) 

C. neangusta n. sp. 

Fore femur diameter ; at least 3x that of fore 

tibia; inner surface of fore femur with distal 

projection bearing thick fringe of golden setae 

(Fig. 7) ff 

Fore femur diameter c ca. 2 that of fore ubia; 

inner surface of fore femur lacking both distal 

projection and fringe of golden setae 9 

(Fig. 29); 

mid tibia ventrally with pre-apical cavity lined 

by black setulae (Fig. 8); terminalia (Fig. 9) 

concolorous brown .. C. chvalai Wagner 

M, subequal to stem M, ,, (see Fig. 30); mid 

tibia lacking pre-apical cavity (however, row 

of black setulae present along ventral surface); 

terminalia concolorous yellow 8 

Fore tibia with black spot midway on inner 

surface; mesal margin of cercus concave in 

dorsal view, black setulae not apparent in lat- 

eral view (unless macerated) (Fig. 10) 

C. varix Melander 

Fore tibia inclone spot midway on inner sur- 

face; mesal margin of cercus nearly straight 

in dorsal view, black setulae visible on un- 

macerated specimens (Fig. 11) . 

C. mana fay allee 

' Absdorninal (ecient 8 greatly expanded pos- 

terolaterally and broadly overlapping epan- 

drial lobes (Figs. 12-14) . , 10 

Abdominal tergum 8 not expanded postero- 

laterally, not overlapping epandrial lobes 12 

. Terminalia concolorous yellowish brown, 

contrasting with dark brown abdomen; apex 

of cercus ending in triangular process (Fig. 12) 

Save C. cirrata Melander 

Tegninalia: not Pconcolorons, cercus and ab- 
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domen dark brown, contrasting with light 

brown epandrial lobes and hypandrium,; apex 

of cercus oval or spatula-shaped (Figs. 13,14) 11 

. Distal tarsomere dark brown, contrasting with 

remaining light brown tarsomeres; apex of 

cercus spatula-shaped, lacking transverse ridge 

on inner surface (Fig. 13) ... C. subensifera, n. sp. 

Tarsomeres concolorous light brown; apex of 

cercus broadly oval, with transverse ridge on 

inner surface (Fig. 14) ....C. ensifera Melander 

. Thorax, abdomen, and terminalia concolor- 

ous brownish black or reddish black .. . 13 

Thorax, abdomen, and terminalia not con- 

colorous brownish black or reddish black; 

thorax either concolorous yellow or light 

brown, or with dark pigmentation on light 

brown background 

. Body length 3.0-3.2 mm; cercus ‘Slender ba- 

sally and distally with mid-dorsal process pro- 

jecting inward and bearing 5-6 black setulae 

(Eigsuis) ree C. stuprator (Melander) 

Body length 4.2-4.8 mm; cercus distinctly 

modified, either very large with clubbed pro- 

cess (Fig. 16) or apex greatly elongated and 

curved upward and inward (Fig. 17) ....... 14 

. Cercus (Fig. 16) with straight, clubbed process 

arising from deep, dorsal cavity; scutum with 

2 dark, longitudinal stripes; flagellum dark 

brown, scape and pedicel yellow 

of C. valida (Loew) 

Cereus Gi. 17) Jong and slender, apex curv- 

ing upward and inward, lacking clubbed pro- 

cess; scutum with 2 faint, longitudinal stripes; 

antenna concolorous yellow ‘ 

. C. recurvata (Melander) 

: Mesothorax with dark brown markings against 

a light brown background . ~ 6 

Mesothorax nearly concolorous yellow or light 

brown . i : > ley 

(some specimens of G: épullionis run to couplet 

17, but their cercus is distinctive; see Fig. 19) 

. Mesothorax with dark stripe above noto- 

pleural suture; cercus (Fig. 18) brown, ex- 

tending beyond epandrial lobe, bearing mid- 

dorsal row of black setulae .. C. obsoleta (Loew) 

Mesothorax lacking dark stripe above noto- 

pleural suture; cercus (Fig. 19) light brown, 

subequal in length to epandrial lobe, lacking 

mid-dorsal row of black setulae . . 

C. palloris (C oquillett) 

. Cercus deeply excavated distally; much broader 

distally than basally (Figs. 20-21) , 18 

Cercus not excavated distally; uniformly slen- 

der, not broader distally than basally (Figs. 
22 =)'5) 19 

. Cercus dark brown to black over distal third: 

contrasting strongly with yellow basal portion; 

terminalia as in Fig. 20 C. defecta (Loew) 

Cercus concolorous yellow; terminalia as in 

LOD: eee oketeaetds C. banksi Melander 

. Cercus undulant dorsally in lateral view, bear- 

ing row of 10-12 black setulae from basal 

third to midway along mediodorsal margin 

(Rige2 2) tere eee ....C. rastrifera Melander 

Cercus not undulant dorsally in lateral view; 

row of 2-6 black setulae limited to thumb- 

like process or straight surface perpendicular 

to dorsal margin about midway along medio- 

dorsal margin 20 

20. Terminalia with at least apex ofe cercus dark 

brown, contrasting with lighter brown epan- 

drial lobe and hypandrium; cercus (Fig. 23) 

with thumb-like, mid-dorsal process bearing 

5-6 black setulae _ C. lovetti Melander 

Terminalia concolorous yellow or yellowish 

brown; cercus lacking thumb-like, mid-dorsal 

process; black setulae on cercus arising from 

straight surface perpendicular to dorsal mar- 

gin Safe ieurie fy aistefeicdar arash: CA eer 21 

. Vertex, gena, occiput, and postgena orange; 

cercus (Fig. 24) with 5 black setulae arising 

from straight surface perpendicular to dorsal 

margin Je) oa ee ee | Gamnultidentasnssp: 

Vertex, gena, occiput, and postgena black; cer- 

cus (Fig. 25) with 2 black setulae arising from 

straight surface perpendicular to dorsal mar- 

gin . C. bidenta, n. sp. 

Key TO FEMALE ADULTS OF THE NEARCTIC 

nm 

SPECIES OF CHELIFERA MACQUART 

. Ovipositor well-developed, ca. 3 longer than 

basal width, strongly sclerotized, shiny (Fig. 

27) SP ho. Ak: a he ei eee 2 

Ovipositor weakly, developed, unsclerotized, 

and matte (Fig. 28), or moderately developed 

(similar to Fig. 27, but ca. 2.0 longer than 

basal width, sclerotized, but nearly matte) ... 10 

. Wing stigma usually prominent, light brown 

to dark brown (Fig. 30) . : 

Wing stigma lacking (Fig. 29) .. a 

Scutum nearly concolorous light brown 
. C. circinata, n. sp. 

Seutien arit 1 or 2 longitudinal stripes, usu- 

ally more darkly pigmented than background 
4 

: Scutum with 2 2 ‘thin longitudinal stripes 

C. caliga Lavallee 

Seatum with | broad median stripe 

C. notata (Loew), C. subnotata, n. sp. 

‘ Fore tibia with 2 complete rows of black setu- 

lae ventrally (Fig. 26) 6 

Fore tibia at most with | row of black setulae 

ventrally ; ‘ : Bahn O 
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M, ca. 2x longer than stem M,,; (see Fig. 

29); thorax with contrasting darker pigmen- 

tation patterns against a golden brown back- 

ground .. . Oe _C. cirrata Melander 

M, ca. 1.5 longer than stem M,_..; thorax 

concolorous, light brown to reddish black a 

. Distal tarsomere brown, contrasting with pal- 

er basal tarsomeres C. subensifera, n. sp. 

Distal 2 tarsomeres light brown, grading into 

paler basal tarsomeres C. ensifera Melander 

. M, at least 3 longer than stem M,,, (Fig. 

29); thorax grayish brown C. chvalai Wagner 

M, ca. 1.5x longer than stem M,.,; thorax 

VElLO Wap awaces cro oc sats cuscehte vas hernias Gens ots « 9 

. Abdominal terga pigmented mid- dorsally 

.C. mana Lavallee 

Abdoninalt een yellow, lacking mid-dorsal 

pigmentation . . C. varix Melander 

. Thorax concolorous reddish black : 11 

Thorax concolorous yellow or with contrast- 

ing dark pigmentation on light brown back- 

ground . 

. Body length 3. 84. O mm; dm- -cu usually ab- 

sent in both wings; R, often completely or 

partially absent in one or both wings 

. C. stuprator (Melander) 

Body length 4.2 25) 0 mm; dm-cu and R, vari- 

able (see couplet 12) share 12 

Scutum with 2 distinct, longitudinal stripes: 

flagellum brown, scape and pedicel yellow; 

dm-cu and R, typically complete 

oe Ay: C. valida (Loew) 

Seutum with 2 2 faint longitudinal stripes; fla- 

gellum yellow; dm-cu and R, usually com- 

pletely or partially absent in one or both wings 

C. recurvata (Melander) 

: Mecatharax with contrasting dark pigmen- 

tation on lighter brown background 14 

Mesothorax nearly concolorous yellow or 

concolorous yellowish brown .. . Eee lis} 

. Mesothorax with dark stripe above noto- 

pleural suture C. obsoleta (Loew) 

Mesothorax lacking dark stripe above noto- 

pleural suture C. palloris (Coquillett) 

(see couplets 16 and 18) 

. Distributed in Rocky Mountains and Pacific 

coast areas : 16 

Distributed in Appalachian mountains and 

eastern seaboard areas 17 

. Vertex, gena, occiput, and postgena black . 

C. bidenta, n. sp. 

icorae specimens of C. palloris key here) 

Gena and postgena usually orange (occasion- 

ally nearly black) C. lovetti Melander 

. Vertex, occiput, postgena, and gena yellow to 

orange .... ........ C. multidenta, n. sp. 

Vertex, occiput, postgena, and gena black 18 
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18. Abdominal terga with black pigmentation mid- 

dorsally C. rastifera Melander 

(some specimens of C. palloris key here, but 

they are larger and golden brown in color) 

-— Abdominal terga yellow, lacking mid-dorsal 

pigmentation . 

C. defecta (Loew), C. banksi Melander 

Chelifera banksi Melander 
Figs, 21), 35 

Chelifera banksi Melander, 1947: 253. 

Diagnosis.— Males possess a distinctive 

cercus that is deeply excavated distally and 

larger than the corresponding epandrial lobe. 

Females are concolorous yellow to light red- 

dish brown, lack pigmented abdominal ter- 

ga, and are relatively large compared to fe- 

males of sympatric species that have a 

weakly developed ovipositor. Females of C. 

banksi come out in the key with those of C. 

defecta, but all known specimens of the for- 

mer possess complete venation. In contrast, 

the absence or partial expression of dm-cu 

in one or both wings is characteristic of 

nearly all females of C. defecta. 
Description. — Male: length including ter- 

minalia 4.0—4.2 mm. Generally body color 

yellow to light orange-brown. Head: black; 

antenna yellow. Thorax: yellow to light or- 

ange-brown, densely pruinose. Legs yellow, 

except distal 1-2 tarsomeres light brown on 

mid and hind leg; mid leg lacking prominent 

vestiture. Wing stigma lacking. 4bdomen: 
yellow to light orange-brown. Terminalia 

(Fig. 21): yellow to light orange-brown; cer- 

cus large, deeply excavated distally, pro- 

jecting beyond epandrial lobe and hypan- 

drium; anterior hypandrial process long, 

slightly bent posteriorly midway and sharp- 

ly bent posteriorly at apex; posterior hy- 

pandrial process much shorter, bluntly 

pointed at apex. Female: similar to male 

except length including terminalia 4.8—5.0 

mm and thorax less pruinose: ovipositor 

weakly developed (see Fig. 28). 

Type material examined.— Holotype 

male, labeled ““Watertown CT/5 June 1931/ 
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a 
Figs. 1-3. 1, Chelifera caliga male mid femur. fst = mid femur setulae. 2a (lateral) and b (dorsal), Chelifera 

circinata male terminalia. 3a (lateral) and b (dorsal), Chelifera notata male terminalia. AbS 8 = abdominal 

sternum eight; AbT 8 = abdominal tergum eight; ahp = anterior hypandrial process; ce = cercus; ep = epandnal 

lobe; hy = hypandrium; php = posterior hypandrial process. Hypandrium omitted in dorsal view. Phallus 

omitted. Scale bars = 0.5 mm (Fig. 1); 0.25 mm (Figs. 2, 3). 
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AL Melander” (USNM). The specimen is 

in excellent condition and most of the di- 

agnostic features of terminalia visible with- 
out maceration. The type locality is in 

Litchfield County about 6 kilometers north- 

west of Waterbury, Connecticut. Paratype: 

North Carolina: | male, Black Mt., N. Frk. 

Swannanoa R., May (USNM). 

Other specimens examined.—CANADA. 

Nova Scotia: 2 males, Cape Breton Nat. Pk., 

Jun—Jul; Quebec: 3 females, | male, Covey 
Hill, Jun; 1 female, Knowlton, Jul (CNC). 

UNITED STATES. Georgia: 1 male, Daw- 

son Co., Amicalola Falls St. Prk., Apr 

(CNC). Tennessee: | female, Gatlingburg, 
Jul (USNM). 
Distribution. — This species is known only 

from eastern Canada, Connecticut, and the 

southern Appalachian Mountains (Fig. 35). 

Chelifera bidenta MacDonald, 
New SPECIES 

Figs. 25, 34 

Diagnosis.— Males possess a slender cer- 

cus with two black setulae situated along a 

straight surface that is perpendicular to the 

dorsal margin. This character distinguishes 

them from males of other species of small, 

yellow Chelifera in the western United States 
that lack distinctive leg structures or ves- 

titure. The lone female of C. bidenta pos- 

sesses a moderately developed ovipositor 

and thus is distinguished from females of 

C. mana and C. varix, both of which have 
a well-developed ovipositor. Females of C. 

bidenta may be difficult to distinguish from 

females of C. /ovetti in which the charac- 
teristic orange coloration of the head 1s lack- 

ing, but the latter possess a weakly devel- 

oped ovipositor. 

Description.— Male: Length including 
terminalia ca. 3.0 mm. General body color 

yellow. Head: black; mouthparts yellow, 

palps nearly white; antenna pale yellow. 

Thorax: yellow with light orange tinge, 

sparsely pruinose. Legs: pale yellow, distal 
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2 tarsomeres light brown, less pronounced 

on fore tarsus; mid leg lacking prominent 

vestiture. Wing: hyaline, stigma lacking. 

Abdomen yellow. Terminalia (Fig. 25): yel- 

low; cercus narrowed distally, with 2 black 

setulae on perpendicular surface ca. midway 

along mediodorsal margin; anterior hypan- 

drial process long and slender, smoothly 

curved posteriorly at apex; posterior hy- 

pandrial process not apparent. 

Female: similar to male except length in- 

cluding terminalia ca. 3.5 mm; ovipositor 

moderately developed (resembling Fig. 27, 

but shorter, less sclerotized, and nearly 

matte). 

Type material.—Holotype male, labeled 

“Pinecrest, CALIF./Tuolumne County/Aug. 

13 (handwritten), 1948/P. H. Arnaud, Jr.” 

(CAS). The specimen is in good condition 

and most of the diagnostic features of ter- 

minalia visible without maceration. The 

type locality is about 40 kilometers north- 

east of Sonora, California. Allotype, labeled 

“U.S.A.: CALIFORNIA:/Fresno County, 

Bolsillo-/lo Creek at Bolsillo/Campground, 
SW of/Mono Hot Springs/8-VIII-1975 
2,270 m/Paul Arnaud, Jr./Calif. Acad. Sci. 

Coll.” (CAS). Paratypes. California: | male 

(macerated terminalia in glycerin microvial 

attached to pin partially damaged and over- 

cleared), 2 females, same collecting data as 

allotype (CAS). 

Distribution. — This species is known only 
from a few specimens collected in the cen- 

tral Sierra Nevada Mountains of California 

(Fig. 34). 

Etymology.—The specific epithet is 

formed from the Latin “bi,” for double, and 

“denta,” for tooth, in reference to the dis- 
tinctive pair of black setulae on each cercus. 

Chelifera caliga Lavallee 
Figs: lis, 30; 31 

Chelifera caliga Lavallee, 1975: 98. 

Diagnosis.— This species is a member of 

the C. notata group. Adults typically possess 
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a b 

Figs. 4-6. 4a (lateral) and b (dorsal), Chelifera subnotata male terminalia. 5a (lateral) and b (dorsal), Chelifera 

caliga male terminalia. 6a (lateral) and b (dorsal), Chelifera neangusta male terminalia. Hypandrium omitted 

in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 



VOLUME 96, NUMBER 2 

a pair of fully developed dorsolateral stripes 
on the scutum, which distinguishes them 
from related species. However, in some 

specimens of C. caliga the stripes are faint 

and represented solely by a denuded line. 
These individuals resemble adults of C. cir- 

cinata, but the latter have a rounder and 

much darker stigma. The phallus is clearly 

visible on males of C. caliga, projecting dor- 

sally well above the cercus. This feature 

characterizes unmacerated males of C. cal- 
iga from those of other species of the C. 

notata group. 
Description. — Male: length including ter- 

minalia 3.8—4.0 mm. General body color 

yellowish brown to light reddish brown. 

Head: black; antenna pale yellow to light 

reddish brown, stylus usually darker. 7Tho- 

rax: yellowish brown to light reddish brown, 

pruinose; 2 longitudinal stripes on scutum, 

diverging laterally on scutal depression, 

faintly pigmented to dark brown: postno- 

tum usually brown. Legs yellow, except dis- 

tal 2 tarsomeres brown; mid femur (Fig. 1) 

with ventral row of black setulae along mid- 

dle third; mid tibia with distal row of black 

setae. Wing stigma (Fig. 30) developed, usu- 

ally hight brown. 4bdomen: brown to light 

reddish brown. Terminalia (Fig. 5) yellow- 

ish brown; cercus abruptly narrowed ca. 

midway in lateral view, strong black setula 

basomedially; epandrial lobe ending in 

strong bristle; anterior hypandrial process 

thin, slightly turned anteriorly at apex; pos- 

terior hypandrial process longer and thick- 

er, sharply curved posteriorly at the apex. 

Female: similar to male except length in- 

cluding terminalia 3.8-4.2 mm, scutal 

stripes usually darker brown, distal 2 tar- 

someres lighter brown, wing stigma usually 

darker brown, and lacking prominent ves- 

titure on mid leg; ovipositor well-developed 

(see Fig. 27). 

Type material examined.— Holotype 

male, labeled “Brainard Lk. Rec Area/ 4 mi. 

west of Ward, Colo/20 Aug 1973, cir 

13,500'/elev. A. G. Lavalle’’ (USNM, type 
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no. 73192). The specimen is in excellent 

condition, with macerated terminalia in a 

glycerin microvial attached to pin. The type 

locality is in Boulder County, about 20 ki- 

lometers west of Boulder, Colorado. The 
holotype differs from most other males by 

the weakly developed wing stigma and few 

setulae on the mid femur: however, both 

legs are distorted and the setulae may have 

been dislodged. 

Other specimens examined. — California: 

1 male, Modoc Co., Aug (CAS). Idaho: 3 

females, Franklin Co., Cub R. Cyn., Aug- 

Sep (USU). Utah: Cache Co.; 1 female, 

Franklin Basin, Jul; 49 females, 4 males, 

Logan Cyn., Aug-Sep; | male, 2 females, 

W. Hodges Cyn., Sep (USU). Washington: 

10 females, 8 males, Mt. Ranier Nat. Prk., 

Tahoma R., Aug; | male, Mt. Ranier Nat. 

Prk., White R. cmpgr., Aug (WSU). 

Distribution. —This species appears to be 

restricted to higher elevations of the western 

United States, from central Colorado west 

to northern California and north into Wash- 

ington (Fig. 31). 

Chelifera chvalai Wagner 
Bigse 8.) 9) 295.32 

Chelifera chvalai Wagner, 1984: 459. 

Diagnosis.— This species is a member of 

the C. varix group. Males possess a distinc- 

tive mid tibia, bearing a distal cavity lined 
with black setae. Females have a contrast- 

ingly dark antennal flagellum, and vein M, 

is 3-4 times longer than stem M, ,,, distin- 

guishing them from females of C. mana and 

C. varix, in which the antenna is concol- 

orous and M, and stem M, ,, are subequal 

in length. 

Description. — Male: length including ter- 

minalia 3.8-4.0 mm. General body color 

golden brown with darker pleura, abdomen, 

and terminalia. Head: dark reddish brown: 
mouthparts yellow, palps yellowish white; 

antennal flagellum and stylus brown, con- 

trasting with lighter brown scape and ped- 
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Figs. 7-10. 7, Chelifera varix male fore femur. 8, Chelifera chvalai male mid tibia. 9a (lateral) and b (dorsal), 

Chelifera chvalai male terminalia. 10a (lateral) and b (dorsal), Chelifera varix male terminalia. Hypandrium 

omitted in dorsal view. Phallus omitted. Scale bars = 0.5 (Figs. 7, 8); 0.25 (Figs. 9, 10). 
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Figs. 11-13. 11a (lateral) and b (dorsal), Chelifera mana male terminalia. | 2a (lateral) and b (dorsal), Chelifera 

cirrata male terminalia. 13a (lateral) and b (dorsal), Chelifera subensifera male terminalia. AbS 8 = abdominal 

sternum eight; AbT 8 = abdominal tergum eight; ce = cercus; ep = epandrial lobe; hy = hypandnum. Hypandrium 

omitted in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 
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icel. Thorax: scutum golden brown, with 

reddish brown area along notopleural suture 

and also above humeral region; scutellum 

reddish brown; pleura reddish brown, ex- 

cept yellow just above all coxae. Legs yel- 

low, except distal 3 tarsomeres light brown 

or brown; inner surface of fore femur usu- 

ally with several small, pigmented patches: 
fore femur enlarged, diam. ca. 3 that of 

fore tibia, with distal process on median 

surface bearing dense fringe of golden setae; 

mid tibia (Fig. 8) ventrally with distal cavity 

lined by black setae; mid femur basally 

bearing 3 yellow bristles on projection that 

fits into corresponding distal cavity on mid 

tibia. Wing stigma lacking: M, at least 3 x 

longer than stem M,,, (Fig. 29). Abdomen: 

terga brown to dark brown, sterna light 

brown. Terminalia (Fig. 9): nearly concol- 

orous brown (hypandrium lighter brown); 
cercus broadly and smoothly elongate, with 

black setulae along mediodorsal margin; an- 

terior hypandrial process slender, curved 

posteriorly; posterior hypandrial process 

also slender, but longer and slightly curved 

anteriorly. Female: similar to male except: 

length including terminalia 4.2-4.5 mm: 

antenna, mouthparts, and palps somewhat 

darker; legs lacking prominent features and 

vestiture; distal 3 tarsomeres lighter brown; 

and, M, ca. 3-4 times longer than stem M, . 

(Fig. 29); ovipositor well-developed (see Fig. 
27). 

Type material.—Holotype male (not ex- 

amined) collected in Central Asia, Uz- 

bekistan, May 5, 1980: deposited in der 

Limnologischen Flaussstation des Max- 

Planck-Instituts fur Limnologie, Schlitz, 
Germany. 

Specimens examined.— Manitoba: 4 

males, 5 females, nr. Churchill, Jun—Jul 
(CNC). Newfoundland: | male, 2 females 

Hebron, Jul (CNC). Quebec: 3 males, 3 fe- 

males, Indian House L., Jul (CNC). North- 
west Territories: 5 females, Hodgeson Lk., 
Norman Wells, Jul (CNC). Saskatchewan: 

2 males, Uranium City, Jun (CNC). Yukon 
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Territory: 10 males, 14 km NW Steward 
Crossing, Jun—Jul (CNC). 

Distribution.—This species was de- 

scribed from central Asia (Wagner 1984): 

in the Nearctic Region, specimens have been 

collected across northern Canada (Fig. 32). 

Chelifera circinata MacDonald, 
New SPECIES 

Figs. 2, 31 

Diagnosis.— This species is a member of 

the C. notata group. Male terminalia, de- 

scribed below, distinguish them from males 

of related Nearctic species. Concolorous 

golden brown coloration separates females 

(and males) from those of other species pos- 

sessing both a wing stigma and a well-de- 
veloped ovipositor. 

Description.— Male: Length including 

terminalia 3.2—3.8 mm. General body color 

golden brown, abdomen and terminalia 

darker golden brown. Head: black; mouth- 

parts yellow, palps yellowish white; antenna 

nearly concolorous pale yellow, except fla- 

gellum with orange tinge on dorsal surface 

and stylus yellowish brown. Thorax: scu- 

tum golden brown, pruinose, 2 faint, grayish 

brown stripes laterally; postnotum brown; 

humeral region shiny brown; scutulum and 

pleura yellowish gray. Legs yellow, except 

distal 2 tarsomeres dark brown on mid and 

hind leg; mid femur ventrally with row of 

black setulae along middle third (see Fig. 1); 

mid tibia ventrally with distal row of black 

setae. Wing: hyaline; stigma (see Fig. 30) 

well-developed, brown to dark brown. Ab- 

domen: grayish brown. Terminalia (Fig. 2): 

nearly concolorous brown (cercus some- 

what darker); cercus greatly broadened dis- 

tally, with hook-like projection mid-way 

along median margin bearing 3 black setae; 
epandrial lobe narrowed apically, ending in 

row of bristles; anterior hypandrial process 

straight, sword-like; posterior hypandrial 

process longer, curved sharply posteriorly, 

ending in 3 spine-like projections. 

Female: similar to male except length in- 



VOLUME 96, NUMBER 2 249 

Figs. 14-16. 14a (lateral) and b (dorsal), Chelifera ensifera male terminalia. 15a (lateral) and b (dorsal), 

Chelifera stuprator male terminalia. 16a (lateral) and b (dorsal), Chelifera valida male terminalia. Hypandrium 

omitted in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 



250 

cluding terminalia 3.8-4.4 mm, body color 

somewhat darker, and lacking leg vestiture 

of male; ovipositor well-developed (see Fig. 

2): 
Type material.—Holotype male, labeled 

“On tundra/Cold Bay, 163°W/Alaska 26- 

VII/1952, W. R. Mason” (CNC, type no. 

21330). The specimen is in good condition 

and most of the diagnostic features of ter- 
minalia visible without maceration. The 

type locality is on the Alaska Peninsula about 

1100 kilometers southwest of Anchorage, 

Alaska. Allotype, same data as holotype 

(CNC). Paratypes. CANADA. British Co- 

lumbia: 3 females, Summit Lk., Jul (CNC). 

Yukon Territory: | male, Lone Tree Crk., 

M 816 of Alaskan Hwy., Aug (CAS). UNIT- 

ED STATES. Alaska: 9 males, 5 females, 
same data as holotype; 2 males, King Salm- 

on, Naknek R., Aug (CNC). 

Distribution. — This species is known only 

from the Alaskan Peninsula and southeast 

into extreme northern British Columbia 

(Fig. 31). 
Etymology.—The specific epithet is from 

the Latin word “‘circinatus,” for coiled or 

curled away from the apex, in reference to 
the pair of distinctively curled posterior hy- 

pandrial processes that arise from the hy- 

pandrium. 

Remarks.— Males of C. circinata closely 

resemble those of a Palearctic species, C. 

concinnacauda Collin, but examination of 
a male of the latter that was labeled syntype 

(BMNH, examined Dec. 1989) revealed 

distinct differences in the shape of the cercus 

and in the hypandrial processes (compare 

Fig. 2 here with Fig. 291 of Collin, 1961). 

Chelifera cirrata Melander 

Figs. 12, 26, 27,33 

Chelifera cirrata Melander, 1947: 254. 

Diagnosis.—This is the nominal species 

of the C. cirrata group. Males possess a dis- 

tinctive cercus, described below, and areas 

of darker thoracic pigmentation against a 

paler background. Females are difficult to 
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separate from those of C. ensifera and C. 

subensifera, but, like conspecific males, usu- 

ally possess contrasting pigmentation pat- 

terns on the thorax. 

Description. — Male: length including ter- 

minalia 3.0-3.4 mm. General body color 

yellowish gold to golden brown, usually with 

contrasting areas of darker pigmentation on 

the thorax. Head: black; antenna yellow to 

light reddish brown, stylus reddish brown. 

Thorax: yellowish gold to golden brown 

background, usually with darker median 

stripe on scutum and darker above and pos- 

terior to humeral region. Legs yellow, except 

distal 2 tarsomeres light brown; fore tibia 

(Fig. 26) ventrally with 2 complete rows of 

black setulae, outer row stronger; mid leg 

lacking prominent vestiture. Wing hyaline, 

stigma lacking; M, 1.5-2.0 x length of stem 

M,,,>. Abdomen: terga light brown to dark 

brown, sterna paler brown; abdominal ter- 

gum 8 greatly expanded posteriorly into lat- 

eral lobes overlapping hypandrium and bas- 

al portion of each epandrial lobe. Terminalia 

(Fig. 12): nearly concolorous yellowish 

brown, contrasting with darker abdominal 

terga; cercus arched basally, ending in 

pointed triangular process; epandrial lobe 

narrowed apicodorsally, strong setae lining 

inner surface apically, group of long, curved 

setae basally; anterior hypandrial process 

short and thick, projecting posteriorly; pos- 

terior hypandrial process even shorter, 

bluntly pointed apically. Female: similar to 

male except length including terminalia 3.8- 

4.0 mm and lacking development of ab- 
dominal tergum 8; ovipositor well-devel- 

oped (Fig. 27). 

Type material examined.— Holotype 

male, labeled ““Yellst Park/Lava Creek/5 Jul 

1923/A L Melander” (USNM); the type lo- 

cality is in Yellowstone Park, Wyoming. The 

specimen is in fair condition, lacking the 

right wing, right mid leg, and right hind leg. 

Prior to my examination, the terminalia had 

been macerated and the dissected pieces 

placed in a glycerin microvial attached to 

the pin. Although only portions of the ter- 
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Figs. 17-19. 17a (lateral) and b (dorsal), Chelifera recurvata male terminalia. 18a (lateral) and b (dorsal), 
Chelifera obsoleta male terminalia. 19a (lateral) and b (dorsal), Chelifera palloris male terminalia. Hypandrium 
omitted in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 
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minalia exist, the diagnostic features of the 

cercus, epandrial lobe and hypandrium are 

discernable. 
Other specimens examined.—CANADA. 

British Columbia: 2 females, Kootenay Nat. 

Prk., Dolly Varden Cr., Jul; 1 female, | male, 

Yoho Nat. Prk., Yolo Valley Cr., Jul (CAS). 

UNITED STATES. California: Fresno Co., 
1 female, 4 males, Huntington L., Badger 

Flat cmpgr., Jul-Aug; 1 male, Landslide Crk., 

May (MAC); 3 males, Inyo Co., Rock Crk., 

Jun (USNM). Idaho: 1 male, Caribou Co., 
Kendall Crk., Jun (USU). Montana: | fe- 
male, Glacier Nat. Prk., Avalanche Crk., Jul 

(USNM). Oregon: Clackamas Co.; | male, 

Camp Crk. cmpgr., Jun; | female, Clear Cr., 

Jun (CAS); 4 males, 3 females, Mt. Hood 
Nat. For., 12 km E. Government Camp, Jul 

(CNC). Utah: 1 male, Cache Co., Logan 

Cyn., Jun (USU). Washington: 5 females, 6 

males, American R., 10 mi E. Chinook Pass, 

Jul (WSU). Wyoming: | female, Spring Cr., 
Yellowstone Nat. Prk., Jul (USNM). 

Distribution.—This species occurs wide- 

ly at higher elevations of western North 

America from the central Rocky Mountains 

west to California and British Columbia (Fig. 
33). 

Chelifera defecta (Loew) 
Figs. 20, 35 

Hemerodromia defecta Loew, 1862: 210. 

Thanategia defecta (Loew); Melander, 1928: 

263. 

Chelifera knutsoni Lavallee, 1975: 96. 

Diagnosis.— Males are easily distin- 

guished from those of similar yellowish Ne- 

arctic species by their distinctive cercus, 
which is abruptly darkened and broadly ex- 

cavated over its distal third. Females key 

out with females of C. banksi (see remarks 

under C. banksi); absence of pigmented ab- 

dominal terga distinguishes females of the 
former two species from those of C. rastri- 

fera, all of which possess a weakly devel- 

oped ovipositor. 

Description. — Male: length including ter- 

minalia 3.0—3.2 mm. General body color 

yellow. Head: black; antenna yellowish 

white. Thorax: scutum yellow to orange, 
sparsely pruinose. Legs yellowish white, ex- 

cept distal 2 tarsomeres light brown; mid 

leg lacking prominent vestiture. Wing hy- 

aline, stigma lacking; dm-cu absent or par- 

tial in one or both wings on nearly all spec- 

imens. Abdomen: yellow. Terminalia (Fig. 

20): yellow, except cercus dark brown to 

black over distal third: cercus broadly ex- 

cavated distally, inner surface with 2 rows 

of black setulae midway, 2-3 in ventral row 

and 4-5 in dorsal row; anterior and poste- 

rior hypandrial processes very short, point- 

ed apically. Female: similar to male except 

length including terminalia 3.4-3.6 mm; 

ovipositor weakly developed (see Fig. 28). 

Type material examined.—Hemerodro- 

mia defecta Loew, holotype male: top label 

“Loew,” bottom label ““defecta” (MCZ, type 

number 1646). The specimen is in excellent 

condition and most of the diagnostic fea- 

tures of terminalia visible without macer- 

ation. According to Loew (1862; pg. 210), 

the specimen is from “District Columbia.” 

Chelifera knutsoni Lavallee, holotype male, 

labeled ““Coweeta Hydro. Lab./Macon Co., 

N. C./ix-9 1973/A. G. Lavallee’? (USNM 

type number 73191). The specimen is in 

excellent condition and most of the diag- 

nostic features of terminalia visible without 
maceration. 

Other specimens examined.—CANADA. 

Nova Scotia: | female, Cape Breton Nat. 

Pk., Jul; 1 female, Springfield, Aug (CNC). 

Quebec: | female, Beech Grove, Jun (CNC). 

UNITED STATES. New Hampshire: 4 fe- 

males, 8 males, Carroll Co., Wonalancet, 

Jul—Oct (UNH). North Carolina: Macon Co., 

3 females, 2 males, Coweeta, Sep; 2 females, 

1 male, Wayah Gap, Aug (CNC, USNM),. 

Distribution. — This species is known from 

eastern Canada south into the southern Ap- 

palachian Mountains (Fig. 35). 

Remarks. — Males of C. defecta resemble 
those of a Palearctic species, C. astigma 

Collin (holotype male, BMNH, examined 
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Figs. 20-22. 20a (lateral) and b (dorsal), 
Chelifera banksi male terminalia. 22a (lateral) 

Chelifera defecta male terminalia. 21a (lateral) and b (dorsal), 
and b (dorsal), Chelifera rastrifera male terminalia. Hypandrium omitted in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 
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Dec. 1989), but terminalia of the two spe- 

cies are distinct. The type of C. astigma 

possesses a concolorous brown cercus of 

distinctly different shape. 

The amount of expression of crossvein 

dm-cu in one or both wings varies among 

specimens of C. defecta, but cell dm almost 
always is “open” apically in at least one 
wing. When present, the reduced venation 

of females distinguishes them from similar 

appearing females of other Chelifera species 

in eastern North America. This reduced ve- 

nation previously was the basis for recog- 

nizing 7hanategia, which was synonymized 

with Chelifera by MacDonald (1988), who 

also placed C. Anutsoni as a junior synonym 

of C. defecta. 

Chelifera ensifera Melander 
Figs. 14, 33 

Chelifera ensifera Melander, 1947: 254. 

Diagnosis.— This species 1s a member of 

the C. cirrata group. Both sexes of C. en- 

sifera and C. subensifera, newly described 

below, appear separable based on the dif- 

ference in coloration of the distal tarso- 

meres, as stated in the keys. However, with 

so few specimens available for study, the 

extent of color variation is unknown. Male 

terminalia of these two species, while sim- 

ilar in structure, are distinct. Diagnostic fea- 

tures of C. ensifera include a broadly oval 

cercus, with a transverse ridge on its inner 

surface, and 6-8 blunt teeth along the an- 

terior surface of the phallus. Similar features 

of males of C. subensifera include a much 

narrower cercus, which lacks a transverse 

ridge on its inner surface, and 4—5 pointed 

teeth on the anterior surface of the phallus. 

Both sexes of these two species differ from 

those of C. cirrata in lacking pigmentation 

patterns on the thorax. 

Description. — Male: length including ter- 

minalia ca. 3.4 mm. Generally body color 

light brown to reddish brown. Head: black; 

antenna yellow, except stylus light reddish 

brown. Thorax: nearly concolorous reddish 

brown (light brown with darker pigmenta- 

tion anteriorly on scutum on one specimen). 

Legs yellow, except distal 2 tarsomeres 

brown; fore tibia (see Fig. 26) ventrally with 

2 complete rows of black setulae; mid tibia 

lacking prominent vestiture. Wings hyaline, 

stigma lacking; M, ca. 1.5 x longer than stem 

M, ,,. Abdomen: tergum 8 greatly expanded 

posteriorly into lateral lobes overlapping 
hypandrium and basal portion of each epan- 

drial lobe. Terminalia (Fig. 14); cercus red- 

dish brown, contrasting with paler brown 

epandrial lobe and hypandrium; cercus end- 

ing in oval lobe, with sclerotized ridge across 
inner surface; anterior hypandrial processes 

short and straight; phallus (incompletely re- 

solved) with 6-8 blunt teeth along anterior 

margin, visible on macerated specimen. Fe- 

male: similar to male except length includ- 

ing terminalia 4.0-4.4 mm and_ lacking 

development of abdominal tergum 8; ovi- 

positor well-developed (see Fig. 27). 

Type material examined.— Holotype 

male, labeled “Lk. Crescent/Piedmont 

Wash/July 26, 1917/A. L. Melander’’ 

(USNM). The specimen ts in excellent con- 

dition, with terminalia that had been mac- 

erated prior to my examination placed in a 

glycerin microvial attached to pin. The type 

locality is in Clallum County, immediately 

north of Olympic National Park on the north 

shore of Lake Crescent in Washington state. 

Other specimens examined.—Washing- 

ton: | male, | female, Bogachiel R., Olym- 

pic Pen., Jun (CAS). 

Distribution.— This species is known only 

from only three specimens collected on the 

Olympic Peninsula of Washington (Fig. 33). 

Remarks.— With so few specimens of C. 

ensifera available for study (including only 

one macerated male), all details of the ter- 

minalia were not resolved and the variation 

in body coloration and tarsal coloration is 

not known. The situation pertaining to this 

species is complicated by the existence of 

one male and two females collected in Lane 

Co. Oregon (by Paul Arnaud, Jr.). These 

three specimens are distinctly smaller than 
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b 
Figs. 23-25. 23a (lateral) and b (dorsal), Chelifera /ovetti male terminalia. 24a (lateral) and b (dorsal), Chelifera 

multidenta male terminalia. 25a (lateral) and b (dorsal), Chelifera bidenta male terminalia. Hypandrium omitted 

in dorsal view. Phallus omitted. Scale bar = 0.25 mm. 
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the three specimens of C. ensifera known 

from Washington, are uniformly paler in 

coloration, and lack crossvein dm-cu 1n both 

wings. However, the macerated terminalia 

of the male appear to be identical to those 

of C. ensifera described above. 

Chelifera lovetti Melander 

Figs. 23, 35 

Chelifera lovetti Melander, 1947: 255. 

Diagnosis. —Chelifera lovetti is the only 

species from the western United States 

whose adults usually possess an orange tinge 

on the posterior aspects of the head, but this 

coloration is lacking on some specimens. 

Males are distinguished by their terminalia, 
as described below, and in part also by the 

phallus that projects dorsally well above the 

cercus. Females lack a well-developed ovi- 

positor and so they differ from females of 

other western species, except C. palloris. 

Description. — Male: length including ter- 

minalia 3.0-3.2 mm. General coloration 

yellowish brown with light reddish tinge. 

Head: usually with orange coloration on 

vertex, occiput, postgena, and much of gena. 

Antenna yellowish white to light reddish 

brown, with flagellum and stylus paler than 

scape and pedicel. 7horax: concolorous yel- 

lowish brown with light reddish tinge, oc- 
casionally with faint lateral stripes on scu- 

tum: humeral region usually paler than 

scutum. Legs yellow, occasionally with yel- 

lowish brown distal tarsomere; mid leg lack- 

ing prominent vestiture. Wing stigma lack- 

ing. Abdomen: terga yellowish brown with 

light reddish tinge. Terminalia (Fig. 23): 

nearly concolorous light brown, cercus 

brown to dark brown especially over distal 

third; cercus with thumb-like, mid-dorsal 

process bearing row of black setulae; ante- 

rior hypandrial process very long and slen- 

der, curved posterior at apex; posterior hy- 

pandrial process much shorter and thicker. 

Female: similar to male except length in- 

cluding terminalia 3.3-3.8 mm, ovipositor 

weakly developed (see Fig. 28). 
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Type material examined.— Holotype 

male, labeled ““Mt Hood Or/Hood Rapids/ 

29 Jul °21/A L Melander” (USNM). The 
specimen is in excellent condition, with ter- 

minalia macerated prior to my examination 

dissected placed in a glycerin microvial at- 

tached to pin. The type locality is in Hood 

River County southwest of Hood River, Or- 

egon. Paratypes. Idaho: 5 males, 4 females, 

Latah Co., Moscow, Jul-Aug (USNM). 

Washington: | female, Adna, Jul; 4 males, 

3 females, Everett, Jul; 1 female, Lk. Cres- 

cent, Jul; 1 male, 1 female, Lk. Cushman, 

Jul; 1 female, Mt. Baker, Skyline Tr., Aug; 
1 female, Mt Ranier, Summerland, Jul; 2 

females, Tokeland, Jul (USNM). 

Other specimens examined. —CANADA. 

British Columbia: 5 males, 4 females, Mt. 

Revelstoke, Jul (CAS, USNM). UNITED 

STATES. California: 2 males, 3 females, 
Fresno Co. Bear Crk. Aug; 2 females, El 

Dorado Co., 8 km S. Polloch Pines, Jun; | 

female, Mariposa Co., 7 mi ENE Fishcamp, 
Jul; 3 males, 1 female, Sierra Co., 2.8 km 
E. Downieville, Jul (CAS); | male, Tulare 

Co. Weston Mdw. Jun (MAC); 2 males, Mt. 

Home, Jul (USNM); | male, San Bernadino 

Co., Kilpecker Crk., Jun (UCR). Idaho: 20 

males, 45 females, 10 and 25 mi N. Har- 

rison, Coeur d’Alene Lk., Jul (WSU). Ore- 

gon: 4 males, Joseph, Jul (CAS, USNM); 1 

male, 1 female Clackamas Co., Hwy. 26 at 

Timberline Lodge junct., Jun (WSU); | 

male, Dead Man Pass, Jul: | female, Mt. 

Hood, Jul (USNM). Washington: | male, 

Olympic Nat. Prk., Hoh R., Jul (CAS); 7 

males, 8 females, Mt. Ranier Nat. Pk., Aug; 

1 male, Spokane Co., Spokane St. Prk., Jul 

(WSU). 

Distribution. — This species is known from 

southern British Columbia south into ex- 

treme southern California (Fig. 35). 

Chelifera mana Lavallee 
Rigse lly 32 

Chelifera mana Lavallee, 1975: 95. 

Diagnosis. —This species is a member of 

the C. varix group. Males closely resemble 
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Figs. 26-28. 26, Chelifera cirrata female fore tbia. 27, Chelifera cirrata female terminalia. 28, Chelifera 

palloris female terminalia. AbS 8 = abdominal sternum eight; AbS 9? = abdominal sternum ten; AbT 8 = 

abdominal tergum eight; AbT 10 = abdominal tergum ten; ce = cercus. Scale bar = 0.5 mm. 
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dm-Cu 

Figs. 29-30. 

those of C. varix, but lack a darkly pig- 

mented patch midway along the inner sur- 

face of the fore tibia that distinguishes males 

of C. varix. Females of C. manaand C. varix 

are distinguished from those of other west- 

ern species that possess a well-developed 

ovipositor by their nearly concolorous yel- 

low coloration. Dark pigmentation on the 

abdominal terga on females of C. mana dis- 
tinguishes them from females of C. varix. 

Description. — Male: length including ter- 

minalia ca. 3.2 mm. General body color yel- 

low. Head: black; antenna yellowish white. 

Thorax: yellow, occasionally with orange 

tinge; scutum sparsely pruinose; pleura 

densely pruinose. Legs yellow, except distal 

1-3 tarsomeres light brown and inner sur- 

face of fore femur with darkly pigmented, 

crescent-shaped patterns; fore femur greatly 
swollen, diam. ca. 3 x that of fore tibia, with 
distal process bearing dense fringe of golden 

setae (see Fig. 7); mid femur with basal 

29, Chelifera chvalai wing. 30, Chelifera caliga wing. Scale bar = 1.0 mm. 

swelling bearing 3 yellow bristles; mid tibia 

ventrally with 2 rows of black setae on distal 

half. Wing stigma lacking. 4bdomen: yel- 

low, except median area of terga dark brown. 

Terminalia (Fig. 11): yellow; cercus with 

median margin nearly straight and bearing 

black setulae; anterior hypandrial process 

short, nearly straight: posterior hypandrial 

process longer and thicker, curved anteri- 

orly toward apex. Female: similar to male 

except length including terminalia ca. 3.6 
mm and lacking distinctive features and 
vestiture of legs; ovipositor well-developed 

(see Fig. 27). 

Type material examined.— Holotype 
male, labeled “San Isabel Nat. For., Bear’’/ 

Lake, cir., 8 mi SW Cuhara/Colo., off Colo. 
Rt. 12; cir. 10000’ elev. A Lavallee,”’ with 

handwritten date on margin of label “Aug. 

18, 1973” (USNM, type no. 73190). The 

specimen is in excellent condition and most 

of the diagnostic features of terminalia vis- 
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ible without maceration. The type locality 

is near the border of Huerfano and Las An- 

imas counties about 50 kilometers north- 
west of Trinidad, Colorado. Paratypes. Col- 

orado: | male, 18 mi E Aspen, Aug; | female, 

same data as holotype (CNC). 

Other specimens examined.—Colorado: 

1 male, Aspen, Jul; 1 female, Bear Lk. ca. 

8 mi SW Cuhara, Aug (AMNH); 3 males, 

1 female, Chaffee Co., Garfield, Aug (CAS); 

1 male, 2 females, Mt. Evans, Doolittle 
Ranch, Jul-Aug; | male, Mt. Evans, Echo 

L., Jul; 1 male, Clear Creek Co., Chicago 

Cr., Aug (CNC); 1 male, 1 female, Bear Lk., 

ca. 8 mi SW Cuhara, Aug (USNM). Utah: 

2 males, Boulder, Aug (USNM). Wyoming: 

1 male, Carbon Co., 20 km W. Centennial, 

Aug (CAS). 

Distribution. — This species is known from 

the central Rocky Mountains (Fig. 32). 

Chelifera multidenta MacDonald, 
New SPECIES 

Figs. 24, 34 

Diagnosis.—The unusual pale coloration 

of the head distinguishes adults of C. mul- 

tidenta from those of other species of Cheli- 

fera found in eastern North America that 

are concolorous yellow. Male terminalia re- 

semble those of C. bidenta, described above 
from central California, but are distinct in 

possessing a row of 5 black setulae on the 

cercus instead of 2 such setulae. In addition, 

a pair of strong, black “‘brushes” are visible 

on the macerated male and appear to be 

associated with base of the phallus. 

Description.— Male: Length including 

terminalia ca. 3.3 mm. General body color 

yellow. Head: vertex, occiput, postgena, and 

gena yellow with orange tinge; frons grayish; 
mouthparts yellow; palps nearly white; an- 

tenna yellow. Thorax: yellow, pruinose. 

Legs: yellow, except distal 2-3 tarsomeres 

light brown; mid leg lacking prominent ves- 

titure. Wing: hyaline, stigma lacking. Ab- 

domen: yellow. Terminalia (Fig. 24): shiny 
yellow; cercus narrowed distally, with 5 

black setulae midway along straight surface 
perpendicular to the mediodorsal margin; 
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anterior hypandrial process thick basally, 

elongated and sharply narrowed toward 

apex; posterior hypandrial process much 

shorter and straight. 

Female: similar to male except length in- 

cluding terminalia 3.6-3.8 mm; ovipositor 

moderately developed (resembling Fig. 27, 

but shorter, less sclerotized and nearly 

matte). 

Type material.—Holotype male, labeled 

“USA: NC: Swain Co./Great Smoky Mtns. 

N. P./15. VI. 1990, Newfound/Gap B. J. 

Sinclair/ex. sweeping’? (CNC, holotype 

number 21331). The specimen is in excel- 

lent condition and most of the diagnostic 

features of terminalia visible without mac- 

eration. The type locality is in Great Smoky 

Mountains National Park. Allotype, labeled 

“Gr. Smoky Mt./Nat. Pk., N. C. 2. VII- 

1957/J. R. Vockeroth” (CNC). Paratypes. 

North Carolina: 2 males, 2 females, same 

data as allotype (CNC). Tennessee: | male 

(macerated terminalia in glycerin microvial 

attached to pin), 2 females, Great Smoky 

Mts. Nat. Prk., Indian Gap, Aug (CNC). 

Distribution. — This species is known only 

from along the crest of Great Smoky Moun- 

tains National Park near the North Caro- 

lina-Tennessee border (Fig. 34). 

Etymology.—The specific epithet 1s 

formed from the Latin “multi,” for many, 

and “‘denta,” for tooth, in reference to the 
diagnostic row of black setulae on each cer- 

cus. 

Chelifera neangusta MacDonald, 

New SPECIES 

Figs. 6, 31 

Diagnosis.— This species is a member of 
the C. notata group. Male terminalia dis- 

tinguish them from the related species treat- 
ed in this study. The most distinctive fea- 

tures visible in the macerated male of C. 

neangusta are the two pairs of strongly de- 

veloped hypandrial processes, with the pos- 

terior pair being especially large. 

Description.— Male: Length including 

terminalia 3.2—3.5 mm. General body color 

golden brown. Head: black; antenna yellow- 
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> @ Chelifera caliga 

© Chelifera circinata 

24 Chelifera neangusta 

% Chelifera notata 

O Chelifera subnotata 

Fig. 31. Distribution of C. caliga, C. circinata, C. neangusta, C. notata, and C. subnotata. 
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ish white, stylus yellow. Thorax: golden 

brown; lateral stripes on scutum developed 

on posterior third only; scutellum light 

brown; postnotum brown; pleura golden 

brown; humeral region dark, shiny. Legs: 

yellow, except distal 1-2 tarsomeres light 

brown; mid femur with ventral row of black 

setulae along mid third (see Fig. 1); mid 

tibia ventrally with distal row of black setae. 
Wing hyaline; stigma (see Fig. 30) round 

and dark brown. Abdomen: sterna and terga 

brown. Terminalia (Fig. 6): cercus brown, 

slender, smoothly undulant dorsally, with 

strong black setula basomedially; epandrial 

lobe yellow, except brown along undulant 

dorsal margin, ending in strong bristle: an- 

terior hypandrial process thick basally, nar- 
rowed and bent anteriorly at apex; posterior 

hypandrial process longer, thick basally, 

strongly narrowed apically and straight. 
Female: unknown. 

Type material. — Holotype male, top label 

“NEW MEXICO/Cherry Creek/Pinos Al- 

tos/22 June 1953” and bottom label ““WW 
Wirth/collector” (USNM). The specimen is 

in excellent condition, but is glued onto top 

of point, right side up; although not dis- 

sected, some diagnostic features of termin- 
alia are visible. The type locality is in Grant 

County about 10 kilometers north of Silver 

City, New Mexico. Paratype. Utah: 1 male 

(macerated terminalia in glycerin microvial 

attached to pin), Washington Co., Leeds 

Cyn., Jun (USU). 

Distribution. — This species is known from 

only two localities, western New Mexico and 
southwestern Utah (Fig. 31). 

Etymology.—The specific epithet is a 

combination of the Latin root “ne,” for not, 
and “‘angusta,” alluding to the distinction 
between this species and C. angusta. 

Remarks.—The two known males of this 

species resemble those of the Palearctic spe- 

cies, C. angusta Collin (3 syntypes, British 

Museum, examined Dec. 1989), but differ 

in coloration and possess a more strongly 

developed wing stigma. More importantly, 
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distinct differences in terminalia exist, in- 

cluding the structure of the anterior and 
posterior hypandrial processes (see Fig. 292 

of Collin, 1961). 

Chelifera notata (Loew) 

Rigss3= Sl 

Hemerodromia notata Loew, 1862: 209. 

Diagnosis.— This species is the nominal 

species of the C. notata group. Adults are 

characterized by a broad, dark median stripe 

on the scutum, similar to that found on those 

of C. subnotata, newly described below. The 

uniformly slender cercus on males of C. no- 

tata is distinct from that in males of C. sub- 
notata (see description below). Females of 

these two species appear to be inseparable. 

Description. — Male: length including ter- 

minalia ca. 3.6 mm. General body color 

grayish brown, with darker median strip on 

scutum. Head: black; antenna yellowish 

white, stylus light brown. Thorax: grayish 

brown, with reddish black stripe medially 

on scutum, gradually broadening posteri- 

orly and filling scutal depression; scutellum 

light reddish brown; postnotum reddish 

black; pleura grayish brown; humeral region 

dark brown, shiny; reddish black patch in 

postalar area. Legs yellow, except distal tar- 

somere light brown; mid femur (see Fig. 1) 
with ventral row of black setulae along mid 

third; mid tibia ventrally with 2 distal rows 

of brown setae. Wing hyaline; stigma well 

developed, brown; R,,, curved around pos- 

terior margin of stigma. Abdomen: grayish 

brown. Terminalia (Fig. 3): cercus brown, 

slender, dorsal margin undulant, with strong 

black setula basomedially; epandrial lobe 

yellow (except extreme dorsal margin 

brown), dorsal margin undulant in lateral 

view, 2 blunt setae at apex; anterior hypan- 

drial process long, smoothly curved poste- 

riorly, with bluntly pointed tip; posterior 

hypandrial process slightly longer, sharply 

hooked posteriorly at apex. Female: similar 

to male except length including terminalia 
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O Chelifera subensifera 

Distribution of C. cirrata, C. ensifera and C. subensifera. Fig. 33. 
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ca. 4.0 mm and lacking prominent vestiture 

on mid leg; ovipositor well-developed (see 

Fig. 27). 

Type material examined.— Holotype fe- 
male, with a upper label Penns.” and lower 

label “‘notata” (MCZ, type number 13091); 
although the label states ‘‘Penns.,” Loew 

(1862; pg. 209) suggests “Illinois” as the 

collecting site. The specimen is in excellent 

condition. 
Other specimens examined.—New 

Hampshire: | male, 5 females, Carroll Co., 

Wonalancet, Aug—Oct (UNH); | male (mac- 

erated terminalia in glycerin microvial at- 

tached to pin), Franconia (USNM). 

Distribution. —This species is known only 

from two males collected in New Hamp- 

shire and, by the association described be- 

low for the holotype female from Pennsyl- 

vania (Fig. 31). 

Remarks.—Inability to distinguish fe- 

males of C. notata and C. subnotata pre- 

cluded association of a male with a female 

holotype of C. notata. In agreement with 

Melander’s (1947) concept of C. notata, 
which was supported by an illustration of 

male terminalia, a male possessing a uni- 

formly slender cercus that is much darker 

than the epandrial lobes and hypandrium is 

associated with C. notata (see also remarks 

under C. subnotata). 

Chelifera obsoleta (Loew) 

Figs. 18, 36 

Hemerodromia obsoleta Loew, 1862: 208. 

Diagnosis.— Adults are characterized by 

prominent pigmentation patterns on the 

thorax, especially the dark strip above the 

notopleural suture. Male terminalia include 

an elongated cercus that is somewhat lobed 

distally and bears a row of black setulae 

midway along its inner margin. 

Description. — Male: length including ter- 

minalia 3.5-3.8 mm. General body color 

brown with darker markings on thorax. 

Head: black; antenna yellow to light reddish 

brown. Thorax: golden brown; scutum with 
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2 thin, dark stripes laterally, dark strip above 

notopleural suture, and dark patch anterior 

to scutellum; scutellum and metanotum dark 

brown; mesopleuron with broad, dark patch 

anterodorsally. Legs yellowish, except distal 

2-3 tarsomeres yellowish brown: mid leg 

lacking prominent vestiture. Wing hyaline, 

stigma lacking. Abdomen: terga light brown. 
Terminalia (Fig. 18): brown; cercus elon- 

gate, extending beyond epandrial lobe, 
smoothly broadened distally, bearing row 

of black setulae midway on inner margin; 

anterior hypandrial process not apparent: 

posterior hypandrial process short, straight. 

Female: similar to male except length in- 

cluding terminalia 4.0-4.2 mm, ovipositor 
weakly developed (see Fig. 28). 

Type material examined.— Holotype fe- 

male, upper label ““Md” and lower label 

“obsoleta’” (MCZ, type number 13090); al- 

though the labels states ‘Md,’ Loew (1862: 

pg. 208) suggests “Illinois” as the collecting 

site. The specimen is in poor condition, but 

the diagnostic pigmentation pattern on the 

thorax 1s apparent. It lacks both wings, the 

hind legs, the mid legs, and all but the basal 

tarsomere of the left fore leg; also, the ab- 
domen is separated from the thorax, and 

glued onto the top label. 

Other specimens examined.—CANADA. 

Ontario: | male, Collingwood Township, 

May; | female, Simcoe, Jun (CNC). UNIT- 

ED STATES. Connecticut: 2 males, 1 fe- 

male, Redding, May (USNM). Georgia: 

Clarke Co., Athens, May (MAC). Indiana: 

13 males, 20 females, 5 mi W. Lafayette, 

May-Sep (CNC, MAC, PERC). Massachu- 
setts: | male, Forrest Hills (USNM). Mich- 

igan: 2 males, Cheboygan Co., Jul (USNM). 

New Hampshire: | female, White Mts., 

(USNM). New York: 1 male, 1 female, 

Hamburg, May; | female, Little Valley, Jun 

(CAS); 1 male, Bear Mt., Sep; 1 female, 

Millwood, Jun; 3 females, Oswego Co., Sel- 
kirk Shores St. Prk., Jun (USNM). North 

Carolina: | female, Black Mt., Swannanoa 

Frk., May (USNM). Pennsylvania: | male, 

Lewiston, Jun (USNM). 
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Distribution.—This species occurs in 

Eastern North America from the Great 

Lakes south into the southern Appalachian 

Mountains (Fig. 36). 

Chelifera palloris (Coquillett) 
Figs. 19, 28, 36 

Mantipeza palloris Coquillett, 1895: 392. 

Diagnosis.— Males possess distinctive 

terminalia, described below. Females are 

difficult to characterize, as reflected in the 

key, and may not always be distinguished 
from those of similar species (see remarks 

below). 

Description. — Male: length including ter- 

minalia 3.8-4.2 mm. General body color 

yellowish brown to reddish black. Head: 

black; antenna yellowish white. Thorax: 

yellowish brown to reddish black, occasion- 
ally yellowish brown with 2 lateral, dark 

stripes on scutum: mesopleuron concolor- 

ous with scutum, darker patch sometimes 

present anterodorsally; postnotum usually 

dark brown. Legs yellow, except distal 2 tar- 

someres; mid leg lacking prominent vesti- 

ture. Wing hyaline, stigma lacking. Abdo- 

men: yellowish brown to dark brown. 

Terminalia (Fig. 19): nearly concolorous 

brown, hypandrium slightly darker and cer- 

cus slightly lighter brown: cercus pointed 

apicodorsally and broadly oval apicoven- 

trally, with basomedian process bearing row 

of 6 black setulae; anterior hypandrial pro- 

cess not apparent; posterior hypandrial pro- 

cess slender, straight. Female: similar to 

male except length including terminalia 4.0- 

4.8 mm; ovipositor weakly developed (Fig. 

28). 

Type material examined.—Holotype fe- 

male, upper label ““White Mts./ Morrison”; 

lower label “Collection C. V. Riley” 

(USNM, type number 3153); the specimen 

is in excellent condition. The type locality 

is in the White Mountains of northcentral 
New Hampshire. 

Other specimens examined.—CANADA. 

Alberta: 2 males, Banff, Aug (CAS). British 

Columbia: | male, Terrace, May; 1 male, 

Penticton, Aug (CNC). Manitoba: | male, 
Shilo, Aug (CNC). New Brunswick: 4 males, 
1 female, Kouchibouquac Nat. Prk., Jul 

(CNC). Newfoundland: | male, 3 females, 

St. Johns, Aug (CNC). Northwest Territo- 

ries: 2 males, | female, Boyd Lk., Jul (CNC). 

Nova Scotia: | male, 11 females, Cape Bre- 

ton Highlands Nat. Prk., Jul-Aug: 1 male, 

Mt. Uniache, Aug; 2 males, 3 females, 
Springfield, Aug (CNC). Ontario: 3 males, 
1 female, Kearny, Jul; 1 male, Ottawa, Jun 

(CNC). Quebec: 3 males, Gr. Whale R., Aug: 

1 male, Lac Phillipe, Jul; 1 male, 2 females, 
Indiana House Lk., Aug (CNC). Yukon Ter- 

ritory: | male, Takhini Hot Spr., Aug; 1 

male, Boyd Lk., Jul (CNC). UNITED 

STATES. Alaska: 6 males, | female, Isabel 

Pass, mi 206 Richardson Hwy., Jul (CNC); 
| male, 5 females, Mt. McKinley Nat. Prk., 

Jun (UKL); 1 male, Savonshi, Naknet Lk., 

Jul (CAS). Colorado: 1 male, Boulder Co., 
Sep; | male, Vail Pass, Jul (USNM). Con- 

necticut: 1 female, Candlewood Lk., Aug; 1 

male, Redding, Jul (USNM). Maine: 1 fe- 

male, Bar Harbor, Jul; 1 male, 1 female, Ft. 

Kent, Aug; | male, Kineo, Aug; 1 female, 

Mt. Katahdin, Aug; | female, Seal Harbor, 

Jul (USNM). Massachusetts: | male, For- 

rest Hills, Sep (USNM). Michigan: | male, 

Iron Co., Aug; 2 males, 3 females, Isle Roy- 

al, Aug (USNM); 2 males, Marquette Co., 
Big Bay, Jun (MAC). Minnesota: | male, | 

female, Basswood Lk., Jul (UMSP); 1 male, 

Eagle Nest, Jul (USNM). New Hampshire: 

1 male, 3 females, Wonalancet, Aug—Sep; 
10 males, 32 females, Coos Co., Jun—Oct; 
2 females Rockingham Co., Odirone Pt., 

Sep-Oct (UNH); 2 males, 6 females, Fran- 

conia; | female, White Mts., Dolly Copp, 

Jul; 3 females, White Mts. (USNM). New 

York: | male, Franklin Co., Jul; 2 females, 

Fulton Co., Woodworths Lk., Aug (CU); 1 

female, Lake Oneida, Sep (USNM). Penn- 

sylvania: 7 males, Dubois, Sep; 2 females, 

Mineral Spg, Sep (USNM). Washington: 1 

male, Keyport, Aug (USNM). 

Distribution.—This is the most widely 



VOLUME 96, NUMBER 2 

Fig. 35. Distribution of C. banksi, C. defecta, C. lovetti and C. rastrifera. 

O Chelifera banksi 

»% Chelifera defecta 

O Chelifera lovetti 

@ Chelifera rastrifera 

267 



268 

occurring species of Chelifera in the Nearc- 

tic region, having been collected from Alas- 

ka, Canada, the northern United States and 

central Colorado (Fig. 36). 

Remarks.—Adults of this species vary 

substantially in coloration. They may be 

nearly concolorous, usually yellow brown 

or, less commonly, light reddish brown. 
However, some specimens from the North- 

west Territories and northeastern Quebec 

are light reddish black. Other males, and 

some females, are yellowish brown with a 
pair of dark, longitudinal stripes on the scu- 

tum and a darker patch on the mesopleuron 

anterodorsally. Examination of macerated 

male terminalia revealed no differences 

among males representing the entire range 

of coloration and no differences in termin- 

alia exist among sympatric males of differ- 

ing coloration. 

Chelifera rastrifera Melander 

Figs. 22, 35 

Chelifera rastrifera Melander 1947: 257. 

Diagnosis. — Males are distinguished by a 

yellow cercus that 1s lined with black setulae 

mediodorsally and is undulant along the 

dorsal margin. Pigmented abdominal terga 

distinguish females from those of other rel- 

atively small, yellow species of Chelifera 

found in eastern North America that also 

possess a black head. 

Description. — Male: length including ter- 

minalia ca. 3.2 mm. General body color yel- 

low. Head: black; antenna yellow, except 

stylus yellowish brown. Thorax: yellow, with 

golden tinge, densely pruinose. Legs yellow- 

ish white, except distal 2-3 tarsomeres light 

brown on mid and hind leg; mid leg lacking 

prominent vestiture. Wing hyaline, stigma 

lacking. Abdomen: yellow, except terga light 

brown medially. Terminalia (Fig. 22): yel- 

low: cercus elongate, row of 10-12 black 

setulae mediodorsally, dorsal margin un- 

dulant; hypandrium bulbous apically, ex- 

tending posteriorly well beyond epandrial 

lobe; anterior hypandrial process large ba- 
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sally, slender and curving posteriorly at apex; 

posterior hypandrial process much shorter, 

slender. Female: similar to male except 

length including terminalia ca. 3.4 mm; ovi- 

positor weakly developed (see Fig. 28). 

Type material examined.—Holotype 

male: top label “Black Mt/N. C. May”; next 

label ‘““N. Fork/Swannanoa’”’; bottom label 

“collection/ N. Banks” (USNM). The spec- 

imen is in excellent condition and most of 

the diagnostic features of terminalia visible 
without maceration. The type locality is in 

Buncombe County about 15 kilometers 

northeast of Asheville, North Carolina. 

Other specimens examined.—CANADA. 

Nova Scotia: 2 males, | female, Cape Bre- 

ton Highlands Nat. Prk., Jul (CNC). Que- 

bec: | female, Beech Grove, Jun; | male, 

Indiana House Lk., Jul; | male, Matapedia, 

Jul (CNC). UNITED STATES. North Car- 

olina: | male, Black Mt., N. Frk. Swanna- 

noa R., May (USNM). 

Distribution. — This species is known from 

northern Quebec south into the southern 

Appalachian Mountains (Fig. 35). 

Chelifera recurvata (Melander) 
Figs. 17, 34 

Thanategia recurvata Melander, 1947: 260. 

Diagnosis.— Males are recognized by their 

large size, concolorous dark coloration, and 

distinctive cercus, described below. Fe- 

males are much larger than females of C. 

stuprator and usually possess more com- 

plete venation. Females of C. recurvata and 

C. valida closely resemble each other, but 

the former lack well-developed scutal stripes 

and have an antennal flagellum that is much 

lighter in color, being nearly concolorous 

with the scape and pedicel. 

Description. — Male: length including ter- 

minalia ca. 4.2 mm. General body color 

reddish brown to reddish black. Head: black; 
antenna yellow. Thorax. reddish brown to 

reddish black, densely pruinose; 2 weakly 

developed stripes laterally on scutum; post- 

notum dark brown. Legs yellow, except dis- 
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tal 2 tarsomeres light brown; mid leg lacking 

prominent vestiture. Wing hyaline, stigma 

lacking; dm-cu often absent or incomplete 

in one or both wings; R, occasionally absent 

or partial on one wing. Abdomen: terga red- 
dish brown to reddish black, sterna paler. 

Terminalia (Fig. 17): concolorous with ab- 

dominal terga; cercus long and slender, 

curving sharply upward and inward; ante- 

rior hypandrial process short and straight; 

posterior hypandrial process slightly longer, 

curving posteriorly at apex. Female: similar 

to male except length including terminalia 

4.2-4.4 mm and distal 2 tarsomeres darker 

brown; ovipositor weakly developed (see 

Fig. 28). 
Type material examined.— Holotype 

male, labeled “Nelson, B. C./ 17 VII - 10” 

(USNM). The specimen is in fair condition 

(lacking the head, front legs, and left middle 
leg), but the diagnostic features of termin- 

alia are visible without maceration. The type 

locality is about 50 kilometers north of the 

border of Idaho and Washington near Nel- 

son, British Columbia. Allotype, same data 

as holotype (USNM). 

Other specimens examined.—CANADA. 

British Columbia: | male, Anderson LKk., nr. 
D’Arcy, Jun; 1 male, Summit Lk., mile 392 

Alaskan Hwy., Jul (CNC); 1 male, Wells 

Gray Prov. Prk., Aug (CAS). Yukon Ter- 

ritory: 1 male, 1 female, La Force Lk., Jul: 

2 males, 9 females, Little Salmon Lk., Aug 

(CNC). UNITED STATES. Alaska: 1 fe- 

male, Cold Bay, Aug; 6 males, 2 females, 

Naknet, Jul-Aug (CNC). 

Distribution.—This species occurs in 

southern Alaska, Yukon Territory and south 

into southern British Columbia (Fig. 34). 

Chelifera stuprator (Melander) 

Figs. 15, 34 

Thanategia stuprator Melander, 1947: 259. 

Diagnosis.— Males are characterized by 

light reddish black coloration, venation that 

typically 1s reduced, and the phallus that 

projects dorsally well above the cercus. Dif- 
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ferent terminalia and smaller size distin- 

guish them from males of C. valida and 
darker coloration distinguishes them from 

males of C. /ovetti, which possess a cercus 

of similar structure. Females of C. stuprator 

are more difficult to characterize, but ve- 

nation typically is reduced, and they are 
lighter in color and much smaller than those 

of C. recurvata and C. valida; they are darker 

in color than females of other relatively small 

species treated here that posses a weakly 

developed ovipositor. 

Description. — Male: length including ter- 

minalia 3.0—3.2 mm. General body color 

reddish black. Head: black; antenna yellow. 
Thorax: reddish black. Legs yellow, except 

distal tarsomere light brown; mid leg lack- 
ing prominent vestiture. Wing hyaline, stig- 
ma lacking; dm-cu typically absent on both 

wings: R, often absent or partial on one or 

both wings, rarely complete on one wing. 

Abdomen: reddish black. Terminalia (Fig. 

15): reddish black; cercus slender with mid- 

dorsal projection on inner surface bearing 

5-6 black setulae; anterior hypandrial pro- 

cess long, slender, and bent sharply poste- 

riorly at apex; posterior hypandrial process 

much shorter, straight. Female: similar to 

male except length including terminalia 3.8- 
4.0 mm and paler in coloration, reddish 

brown instead of reddish black; ovipositor 

weakly developed (see Fig. 28). 

Type material examined.— Holotype 

male, labeled ““Mt. Rainier/ Eagle Peak/ 19 

July °32/ A L Melander’” (USNM). The 

specimen is in excellent condition and most 

of the diagnostic features of terminalia vis- 

ible without maceration. The type locality 

isin Lewis County, Mount Ranier National 

Park, about 2 kilometers east of Longmire, 

Washington. 
Other specimens examined.—CANADA. 

British Columbia: | female, Squamish, Aug; 
1 male, 2 females, Mt. Thornhill, nr. Ter- 

race, Jul-Aug (CNC); | male, Mt. Revel- 

stoke, Jul (USNM). UNITED STATES. 
Washington: | female, Mt. Baker, Skyline 

Trail, Aug; | male, Mt. Ranier, Summer- 
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land, Jul (USNM); 4 males, 28 females, Mt. 

Ranier Nat. Prk., Jul-Aug (WSU). 

Distribution. — This species is known from 

the Cascade Mountains of Washington, and 

western and southeastern British Columbia 

(Fig. 34). 

Chelifera subensifera MacDonald, 
NEW SPECIES 

Figs. 13, 33 

Diagnosis.— This species is a member of 

the C. cirrata group. Adults closely resemble 

those of C. ensifera, but both sexes of the 
two species appear separable on the basis 

of color differences in the distal tarsomere 

(see diagnosis and remarks under C. ensi- 

fera). The cercus of males of C. subensifera 

is diagnostic, as described below. Females 

of C. subensifera and C. cirrata are less 
readily distinguished, but the few females 

of C. subensifera examined lack contrast- 

ingly dark pigmentation patterns on the tho- 

rax. 

Description.— Male. Length including 

terminalia ca. 2.8 mm. General body color 

brownish black. Head: black, frons grayish 

black, mouthparts and palps yellow. Anten- 

nal flagellum orange, scape and pedicel yel- 

low, stylus brown. Thorax: reddish brown 

to nearly reddish black; scutum paler lat- 

erally and darker anteriorly. Legs: yellow, 

except distal tarsomere dark brown; fore 

tibia ventrally with 2 complete rows of black 

setulae (see Fig. 26); mid leg lacking prom- 

inent vestiture. Wing: hyaline, stigma lack- 

ing; M, ca. 1.5 longer than stem M,,,. 

Abdomen: terga brown to reddish black, 
sterna paler; abdominal tergum 8 greatly 

expanded posteriorly into lateral lobes 

overlapping hypandrium and basal portion 

of each epandrial lobe. Terminalia (Fig. 13): 

cercus brown, epandrial lobe and hypan- 

drium yellow; cercus ending in narrow, 

spatula-shaped lobe, lacking internal ridge; 

epandrial lobe ending in apicodorsal pro- 

jection, strong setae lining outer margin; an- 

terior hypandrial process not apparent; pos- 

terior hypandrial process very short, curved 
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anteriorly at apex; phallus (incompletely re- 

solved; apical portion missing) bearing 4—5 

sharp teeth along anterior margin. 

Female: similar to male, except length in- 

cluding terminalia ca. 3.5 mm; ovipositor 

well-developed (see Fig. 27). 

Type material.— Holotype male, labeled 

“WASHINGTON: Comet Falls/Tr., above 

van Trump Crk./Mt Rainier NP 4500 ft./ 

W. J. Turner 13-VIII-1977/sweeping”’ 

(USNM). The specimen is in excellent con- 

dition and most of the diagnostic features 

of terminalia visible without maceration; the 

type locality is in Pierce County, Mount 

Rainier National Park, about 6 kilometers 

north of Longmire, Washington. Allotype, 

same label as holotype (USNM). Paratypes. 

Washington: | male (macerated terminalia 

in glycerin microvial attached to pin have 

become over-cleared), 4 females, same label 

as holotype (WSU). 

Distribution.—This species is known only 

from the type series, collected in the central 

Cascade Mountains of Washington (Fig. 33). 

Etymology.—The specific epithet is a 

combination of the Latin root “sub,” for 

under, from, or somewhat, and “‘ensifera,”’ 
alluding to the structural similarity between 

the new species and C. ensifera. 

Chelifera subnotata MacDonald, 
New SPECIES 

Figs. 4, 31 

Diagnosis.— This species 1s a member of 
the C. notata group. Adults are most similar 

in appearance to adults of C. notata. Males, 

however, possess nearly concolorous brown 

terminalia in contrast to those of C. notata, 

in which the brown cercus contrasts with 

the yellow epandrial lobe and hypandrium. 

Additional differences in male terminalia 

include the shape of the cercus (much 

broader on males of C. subnotata) and the 

epandrial lobe (excavated apicodorsally on 

males of C. subnotata, exposing the cercus 

in lateral view). Females of C. subnotata and 

C. notata appear inseparable (see remarks 

under C. notata). 
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Description.— Male: Length including 

terminalia ca. 3.6 mm. General body color 

golden brown, with dark brown, median 

stripe on scutum. Head: black; mouthparts 

yellow; antenna yellowish white, stylus yel- 

lowish. Thorax: golden brown with broad, 
brown stripe medially on scutum; noto- 

pleural region yellow; scutellum and post- 

notum brown; pleura light grayish brown; 

humeral region brown, shiny. Legs: yellow, 

except distal 1-2 tarsomeres light brown; 
mid femur ventrally with row of black setu- 

lae along middle third (see Fig. 1); mid tibia 

ventrally with row of dark brown, pointed 

setae over distal half. Wing: hyaline; stigma 

(see Fig. 30) well-developed, elongated, light 

brown. Abdomen: reddish brown terga and 

sterna, except distal 2 terga yellowish brown. 

Terminalia (Fig. 4): brown: cercus slender 

basally, broadened distally; epandrial lobe 

narrowed apicodorsally, exposing distal half 

of cercus, black setulae lining apex; anterior 

hypandrial process long, smoothly curved 

posteriorly; posterior hypandrial process 

shorter, somewhat more abruptly curved 

posteriorly at apex. 

Female: indistinguishable from females 

of C. notata. 

Type material.— Holotype male, labeled: 

“NY Schuyler Co./Texas Hollow/20 Aug 
1980 (handwritten over typed “July ... 

1978)/leg DJ Bickel’ (CNC, holotype no. 

21332). The holotype is teneral, with the 

body collapsed and the wings badly wrin- 

kled; macerated terminalia are in glycerin 

microvial attached to pin. The type locality 

is in Schuyler County north of Elmira, New 

York. Paratypes. New York: | male (similar 

condition as holotype; macerated termina- 

lia in glycerin microvial attached to pin), 

same label as holotype (CNC); 2 males (both 

specimens in poor condition, lacking a head, 

wings, and legs, but terminalia show most 

of the diagnostic features without macera- 

tion), Old Forge, Jul (CU). 

Distribution. —This species 1s known only 

from two locations in New York state (Fig. 

31). 
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Etymology.—The specific epithet is a 

combination of the Latin root “sub,” Latin 
for under, from, or somewhat, and “‘nota- 

ta,” alluding to the structural similarity be- 
tween this species and C. notata. 

Remarks. — Males of C. subnotata resem- 

ble those of a Palearctic species, C. suwban- 

gusta Collin (“type” male, BMNH, exam- 

ined Dec. 1989), but they differ in coloration 

and in the structure of the terminalia. The 

main difference is in the pair of posterior 

processes that arise from the hypandrium. 

Although abruptly curved posteriorly to- 

ward the apex on males of both species, each 

posterior hypandrial process on males of C. 

subangusta (see Fig. 293 of Collin 1961) 

possesses two additional hooks that are 

lacking on males of C. suwbnotata. 

Chelifera valida (Loew) 

Figs. 16, 34 

Hemerodromia valida Loew, 1862: 208. 

Chelifera scrotifera Melander, 1947: 257. 

(New synonymy) 

Diagnosis.— Males are easily recognized 

by their large size, dark coloration and dis- 
tinctive terminalia, especially the large cer- 

cus bearing a slender process that arises from 

a deep, dorsal cavity. Females are much 

larger than females of C. stuprator and typ- 

ically possess complete venation; the dis- 

tinction between females of C. valida and 
C. recurvata is made in the diagnosis of the 

latter species. 

Description. — Male: length including ter- 

minalia 4.3-4.8 mm. General body color 

reddish black. Head: black; antenna scape 

and pedicel yellow, flagellum orange to 

brown, stylus brown. Thorax: reddish black, 

densely pruinose; scutum with 2 prominent 

lateral stripes; humeral area shiny black. 

Legs yellow brown, except distal tarsomere 

brown; mid leg lacking prominent vestiture. 

Wing hyaline, stigma lacking. Abdomen: 

reddish black. Terminalia (Fig. 16): con- 

colorous with abdomen; cercus greatly en- 

larged, with long, clubbed process arising 
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from deep, dorsal cavity; anterior hypan- 

drial process long, bent posteriorly ca. mid- 

way and curved posteriorly at apex; poste- 

rior hypandrial process thick basally, much 

shorter, nearly straight at apex. Female: 

similar to male except length including ter- 

minalia 4.5—5.0 mm: ovipositor weakly de- 

veloped (see Fig. 28). 

Type material examined.—Hemerodro- 

mia valida Loew, holotype: sex undeter- 

mined due to missing abdomen; top label 

“Type no. 1644,” next label “H. B. T.,” next 

label”? Loew coll.,” bottom label ““valida m.” 

(MCZ); Loew (1862: pg. 208) indicates the 

specimen was collected in “Hudsons Bay 

Territory.” The specimen is in very poor 

condition. In addition to lacking an abdo- 
men, it also is missing the right wing, most 

of both mid legs, and the hind tarsi; the head 

and thorax are covered with fungal strands. 

Chelifera scrotifera Melander, holotype 
male, labeled ‘““Savonski/Naknek Lake/ 

Alaska/June ‘19/Jas. S. Hope/Collector” 

(USNM). The specimen is in excellent con- 

dition, except for lacking the nght wing, and 

the diagnostic features of terminalia visible 

without maceration. 

Other specimens examined.—CANADA. 

Northwest Territories: 2 males, 9 females, 

Cary Lk., Jul; 8 males, 3 females, Granet 

Lk., Jul; | male, 5 females, Hyndman Lk.., 

Jul; 21 males, 9 females, Lac Maunoir, Jul; 
11 males, 9 females, Muskox Lk., Aug; 2 

males, 18 females, Padley, Aug; 7 males, 8 

females, Salmita Mines, Jul (CNC). UNIT- 

ED STATES. Alaska: 3 males, 6 females, 

Savonoski, Naknet Lk., Jul (CAS); | male, 

1 female, Wonder Lk., Jul (WSU). 

Distribution. — This species is known from 
Alaska and the Northwest Territories of 

Canada (Fig. 34). 

Remarks.—The situation pertaining to C. 

valida was perplexing, due largely to the lack 

of a described male, initial difficulty with 
Melander’s 1947 key and descriptions, and 

absence of specimens of C. precatoria (Fal- 

lén) from North America. The latter species 

is Palearctic, but Melander (1947) suggested 
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that it might exist in North America and, if 

so, C. valida would be a synonym of C. 
precatoria. However, the apparent absence 

of C. precatoria in North America and con- 

tinued examination of specimens of C. scro- 

tifera eventually suggested the possible con- 

specificity of the latter and C. valida. 

Examination of the holotype of C. valida, 
although badly damaged, revealed that it 

closely resemble Melander’s (1947) concept 

of C. scrotifera. The points of agreement 
between the holotype of C. valida and the 

holotype of C. scrotifera (and all other ex- 

amined specimens) include a brown flagel- 

lum, a pair of prominent lateral stripes on 

the scutum, a shiny black humeral depres- 

sion, and lack of a wing stigma. Based on 

the lack of a wing stigma on the holotype 

of C. valida and the presence of a stigma on 
C. precatoria, together with sympatry of C. 

valida and C. scrotifera and the apparent 

absence of C. precatoria in North America, 

C. scrotifera is considered a junior synonym 

of C. valida. 

Chelifera varix Melander 
Figs. 7, 10, 32 

Chelifera varix Melander, 1947: 258. 

Diagnosis.— This species is the nominal 

species of the C. varix group. Males are 

characterized by a pigmented patch on the 

inner surface of the fore tibia and a strongly 

concave median margin of the cercus. Wing 

venation of females of C. varix differs from 

that of females of C. chvalai (see diagnosis 
under the latter). Entirely yellow abdominal 

terga distinguish females of C. varix from 

those of C. mana, in which the abdominal 

terga are pigmented medially. 

Description. — Male: length including ter- 

minalia ca. 3.2 mm. General body color yel- 

low. Head: black; antenna yellow. Thorax: 

yellow with orange tinge, shiny; sparsely 

pruinose. Legs yellow, except slightly dark- 

ened distal tarsomere and darkly pigment- 

ed, crescent-shaped patterns on inner sur- 

face of fore femur; fore femur (Fig. 7) greatly 
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swollen, diam. ca. 3 x that of fore tibia, with 
apical process bearing dense fringe of golden 

setae; fore tibia with darkly pigmented area 
midway on inner surface; mid femur with 

basal swelling bearing 3 yellow bristles; mid 
tibia ventrally with 2 rows of dark setae over 

distal half. Wing hyaline, stigma lacking; M, 

ca. 1.5 x longer than stem M, ,,. Abdomen: 

yellow. Terminalia (Fig. 10): yellow; cercus 

with concave median margin bearing black 

setulae; anterior hypandrial process elon- 

gate, curving posterodorsally; posterior hy- 

pandrial process much shorter, pointed at 

apex. Female: similar to male except length 

including terminalia ca. 3.5 mm. and legs 

lacking distinctive structure and vestiture; 

ovipositor well-developed (see Fig. 27). 

Type material examined.— Holotype 

male, labeled “St. Regis Pass/ 27 July °16, 

Mont/ A. L. Melander” (USNM). The spec- 

imen is in excellent condition and most of 

the diagnostic features of terminalia visible 

without maceration. The type locality could 

not be determined, but may be in Mineral 
County, near St. Regis, Montana. 

Other specimens examined.—CANADA. 

British Columbia: | female, Mt. Revelstoke 
Nat. Pk., Aug (CNC). UNITED STATES. 
Washington: 14 males, 13 females, Spokane 

St. Prk., Jul (WSU). Wyoming: | male, | 

female, Yellowstone Nat. Prk., Dunraven 

Pass, Jul (USNM). 

Distribution. — This species is known from 

Yellowstone National Park in Wyoming and 

northwest into southeastern British Colum- 

bia. (Fig. 32). 

ACKNOWLEDGMENTS 

The following individuals kindly ar- 

ranged loan of material: P. H. Arnaud, Jr. 

(CAS); R. W. Brooks (UKL); P. J. Clausen 

(UMSP), S. Frommer (UCR); W. J. Hanson 

(USU); L. Knutson (USNM); J. K. Leibherr 

(CU); R. T. Schuh (AMNH); H. J. Teskey, 

B. Sinclair (CNC); B. Townsend (BMNH)- 

W. J. Turner (WSU); C. A. Vogt (MCZ); D. 

W. Webb (INHS): and H. V. Weems (FSCA). 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Sincere appreciation is extended to dip- 

terists in the Biological Resources Division, 
Agriculture Canada, Ottawa, who facilitat- 

ed this study initially, and especially to J. 

M. Cumming and B. J. Sinclair whose 

knowledge of male and female terminalia 

contributed significantly to the study and 
whose reviews greatly improved the manu- 

script. A. Provonsha, Department of En- 

tomology, Purdue University, prepared the 

illustrations. This paper is Purdue Agricul- 

tural Experiment Station journal No. 13505. 

LITERATURE CITED 

Bigot, J. M. F. 1857. Essai d’une classification gé- 

nérale et synoptique de l’ordre des Insectex Dip- 

téres. Annales de la Societe Entomologique de 

France 5: 517-564. 

Chvala,M.and R. Wagner. 1989. Family Empididae. 

Vol. 6, pp. 228-335. In Soos, A. and L. Papp, eds., 

Catalogue of Palaearctic Diptera. Elsevier, Am- 

sterdam. 

Collin, J. E. 1961. Empididae. Vol. VI, pp. 1-782. 

InG. H. Verral, ed., British Flies. Cambridge Uni- 

versity Press, London. 

Coquillett, D. W. 1895. Revision of the North Amer- 

ican Empididae. — A family of two-winged insects. 

Proceedings of the United States National Mu- 

seum 18: 387-440. 

1903. The genera of the dipterous family 

Empididae, with notes and new species. Proceed- 

ings of the Entomological Society of Washington 

5: 245-272. 

1910. The type-species of the North Amer- 

ican genera of Diptera. Proceedings of the United 

States National Museum 37: 499-647. 

Cumming, J. M. 1992. Lactic acid as an agent for 

macerating Diptera specimens. Fly Times 8: 7. 

Cumming, J. M. and B. J. Sinclair. 1990. Fusion and 

confusion: Interpretation of male genitalic ho- 

mologies in the Empidoidea (Diptera). Abstract of 

the second International Congress of Dipterology, 

Bratislava, third supplement, p. 334. 

Cumming, J. M. and B. E. Cooper. 1992. A revision 

of the Nearctic species of the tachydromiine fly 

genus Sti/jpon Loew (Diptera: Empidoidea). The 

Canadian Entomologist 124: 951-998. 

Engel, E. O. 1956. 28. Empididae. IV, part 4, pp. 

119-132. Jn Lindner, E. ed., Die Fliegen der Pa- 

laearktischen Region. E. Schweizerbart’sche Ver- 

lagsbuchhandlung, Stuttgart. 

Fallen, C. F. 1816. Empidiae Sveciae. Lundae: 17- 

34. 



VOLUME 96, NUMBER 2 

Harper, P. P. 1980. Phenology and distribution of 

aquatic dance flies (Diptera: Empididae) in a Lau- 

rential watershed. American Midland Naturalist 

104: 110-117. 

Landry, B. and P. P. Harper. 1985. The aquatic dance 

fly fauna of a subarctic river system in Quebec, 

with the description of a new species of Hemer- 

odromia (Diptera: Empididae). Canadian Ento- 

mologist 117: 1279-1386. 

Lavallee, A.G. 1975. New Nearctic Chelifera (Dip- 

tera: Empididae). Journal of the Georgia Ento- 

mological Society 10: 95-98. 

Loew, H. 1862. Diptera Americae septentrionalis in- 

digena. Centuria secunda. Berliner Entomolo- 

gische Zeitschrift 6: 185-232. 

MacDonald, J. F. 1988. New synonyms pertaining 

to Chelifera and generic key for North American 

Hemerodromiinae (Diptera: Empididae). Pro- 

ceedings of the Entomological Society of Wash- 

ington 90: 98-100. 

1993. Review of the genus Chelipoda Mac- 

quart of America north of Mexico (Diptera: Em- 

pididae; Hemerodromiinae). Proceedings of the 

Entomological Society of Washington 95: 327-250. 

Macquart, J. 1823. Monographie des Insectes Dip- 

téres de la famille des Empides, observés dans le 

nord-ouest de la France. Memories de la Societe 

des Sciences et Agriculture et des Arts, Lille 1822: 

137-165. 

McAlpine, J. F. 1981. Morphology and terminolo- 

gy—Adults. 2, pp. 9-63. Jn McAlpine, J. F. et al., 

eds., Manual of Nearctic Diptera. Vol. 1. Mono- 

graph no. 27, 674 pp. Research Branch, Agricul- 

ture Canada. 

Meigen, J. W. 1822. Vol. 3. pp. 1-416. Systematische 

275 

Beschreibung der bekannten europaischen zweifl- 

iigeligen Insekten. Hammburg. 

Melander, A. L. 1902. A monograph of the North 

American Empididae. Part I. Transactions of the 

American Entomological Society 28: 195-367. 

1928. Diptera, Family Empididae. Fascicle 

185, pp. 1-434. Jn Wytsman, P., ed., Genera In- 

sectorum. Louis Desmet-Verteneuil, Bruxelles. 

1947. Synopsis of the Hemerodromunae 

(Diptera: Empididae). Journal of the New York 

Entomological Society 55: 237-273. 

Rondani, C. 1856. Diperologiae Italicae prodromus. 

Vol. 1: Genera Italica ordinis dipterorum ordi- 

natim disposita et distincta et in familias et stirpes 

aggregata. 228 p. 

Smith, K. V.G. 1967. Family Empididae. 39, pp. l- 

67. In A catalogue of the Diptera of the Americas 

south of the United States. Departmento de Zool- 

ogia, Secretaria da Agricultura, Sao Paulo, Brazil. 

1969. The Empididae of southern Africa 

(Diptera). Annals of the Natal Museum 19: 1-347. 

1989. Superfamily Empidoidea 43. Family 

Empididae, p. 385. /n Evenhuis, N. L., ed. Catalog 

of the Diptera of the Australasian and Oceanian 

Regions. Bishop Museum Special Publication 86, 

Bishop Museum Press and E. J. Brill. 

Steyskal, G.C. and L. V. Knutson. 1981. Empididae. 

47, pp. 607-624. In McAlpine, J. F., et al., eds., 

Manual of Nearctic Diptera. Vol. 1. Monograph 

no. 27, 674 p. Research Branch, Agriculture Can- 

ada. 

Wagner, R. 1984. Neue und seltene palaarktische 

Tanzfliegen (Diptera, Empididae). Acta Entomo- 

logica Bohemoslovaca 81: 458-464. 



PROC. ENTOMOL. SOC. WASH. 
96(2), 1994, pp. 276-280 

THE GENUS NEMOMYDAS IN THE SOUTHEASTERN UNITED STATES 
(DIPTERA: MYDIDAE) 

JupitH L. WELCH AND Boris C. KONDRATIEFF 

(JLW) Snow Entomological Museum, Snow Hall, University of Kansas, Lawrence, 
Kansas 66045; (BCK) Department of Entomology, Colorado State University, Fort Col- 

lins, Colorado 80523. 

Abstract.—The species of Nemomydas Curran occurring in the southeastern United 

States are reviewed. Three valid species are recognized: N. desideratus (Johnson), N. jonesii 

(Johnson), and N. melanopogon Steyskal (= N. lara Steyskal, NEW SYNONYM). The 
female of NV. desideratus is described for the first time. 

Key Words: 

Fifteen species of Nemomydas are cur- 
rently recognized from western North 

America, Mexico, and Central America 

(Kondratieff and Welch 1990, Welch and 

Kondratieff 1990, 1991). However, ade- 

quate characterization of the species de- 

scribed from the southeastern United States 

has been incomplete, mainly due to the lack 

of available material for study. These in- 

teresting flies appear to be primarily asso- 

ciated with localized pockets of inland sand 

dunes and similar habitats, especially in 

Florida. The nearest relatives to these 

southeastern species are those which have 

the dorsal digitate process of the gonocoxite 

originating from the inner surface of the 

ventral digitate process and the distal sec- 

tion of the aedeagus tube-like. This group 
includes N. fronki Kondratieff and Welch 

(Texas), N. hooki Welch and Kondratieff 

(Texas), N. Joreni Welch and Kondratieff 

(Costa Rica), N. solitarius (Johnson) (Col- 

orado?) and N. venosus (Loew) (Arizona, 

Colorado, Kansas, New Mexico, Texas, and 
Mexico). 

Specimens for this study were provided 

by the following institutions: Archbold Bi- 

Diptera, Mydidae, Nemomydas, new synonym, southeastern United States 

ological Station (ABS); Clemson University 
Entomological Collection (CU); C. P. Gil- 

lette Entomological Collection, Colorado 

State University (CSU); Florida State Col- 

lection of Arthropods (FSCA); Museum of 

Comparative Zoology, Harvard (MCZ): 

Snow Entomological Museum, University 
of Kansas (SEM); University of Michigan 

Museum of Zoology (UM) and personal col- 

lection of C. B. Barr (CBB). Terminology of 
the male terminalia follows Kondratieffand 

Welch (1990). 

Key TO THE NEMOMYDAS OF THE 

SOUTHEASTERN UNITED STATES 

1. First posterior cell of wing closed before mar- 

gin; é: hind tibia yellow or red basally, black 

apically _N. desideratus (Johnson) 

— First posterior cell of wing open; é: hind tibia 

yellow brown ............- é 

2. 6: Abdominal tergites black, posterior trans- 

verse margins yellow; 2°: Abdominal tergites 

yellow to brown, tergites 1-3 with posterior 

transverse margins narrowly yellow 

BS a3 . N. melanopogon Steyskal 

— é: Abdominal tergite | black or brown, tergites 

2-5 yellow brown with brown or black mid- 

dorsal patches; 2: Abdominal tergites black, 

tergites 2-6 with posterior lateral edges yellow 

N. jonesii (Johnson) 
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Figs. 1-3. Male terminalia. a, ventral. b, lateral view. 1, Nemomydas desideratus (Johnson). 

(Johnson). 3, N. melanopogon Steyskal. 
2, N. jonesti 



Nemomydas desideratus (Johnson) 

Fig. 1 

Leptomydas desideratus Johnson, 1912: 151. 

Type locality: Atlanta, Georgia. Holotype 

3 (MCZ #7592), examined. 

Nemomydas desideratus: Hardy, 1950: 25. 

Nemomydas desideratus: Steyskal, 1956: 4. 

Johnson (1912) provided an adequate de- 

scription of the male. The terminalia are 

illustrated in Fig. 1. The previously un- 

known female is described for the first time: 

Female.— Length 21-25 mm. Head shiny 

black, setae erect, black; orbital margin of 

compound eye yellow gray pollinose; an- 

tenna 4.23-5.15 mm long, brown, gray pol- 

linose apically; proboscis short, 0.8 times as 

long as subcranial cavity, black. Scutum 

black, with pair of submedian gray pollinose 

stripes. Wings hyaline with brown infus- 

cation around veins, first posterior cell closed 

before margin; halter brown: foreleg and 

middle leg brown; hind femora basally yel- 

low, apically brown, setae black. Abdomi- 

nal tergites brown basally, becoming black 

apically; tergites 1 and 4 with narrow pos- 

terior yellow bands; tergites 2-3 with wide 

posterior yellow bands; bulla brown, ster- 

nites brown; sternites 1-3 with yellow pos- 

terior bands (not on female from Louisi- 

ana). Terminalia black. 

Material examined.—Georgia: Holotype 

6 (MCZ); Talbot Co., Prattsburg, 25 VII 

1930, L. D. Tuthill, 1 @ (SEM); Louisiana: 

Natchitoches Co., Natchitoches Parish, Lit- 
tle Kisatchie Bayou at jct. LA 118 & FS 309, 
14 VI 1984, C. B. Barr, 1 4, 1 (CBB); South 
Carolina: Oconee Co., Clemson College, 23 

VII 1926, W. H. Clarke, 1 6 (CU). 
Remarks.—The male of this species is 

most similar to N. jonesii, but can be easily 

distinguished by the first posterior cell of 
wing being closed, and additionally, by the 

black mystax, tergites 2, 3 or 4 yellow, and 

other tergites brown or black. Nemomydas 

desideratus is extremely rare in collections. 
It may be threatened, because so much in- 
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land sand dune habitat has been lost 

throughout the Southeast. 

Nemomydas jonesii (Johnson) 

Figs, 2 

Leptomydas jonesii Johnson, 1926: 143. 

Type locality: Florida, Walton Co., De 

Funiak Springs. Holotype ¢ (MCZ #7593), 
examined. 

Nemomydas jonesii: Hardy, 1950: 26. 

Nemomydas jonesii: Steyskal, 1956: 1. 

Johnson (1926) provides a good descrip- 

tion of both sexes. The following characters 
may be added to the original description of 

the male: Length 16-17 mm, proboscis 

short, 0.8 times as long as subcranial cavity, 

black, and the terminalia as Fig. 2. Addi- 

tionally, the following character may be 

added to the original description of the fe- 

male: proboscis short, 0.5 times as long as 
subcranial cavity. 

Material examined. — Florida: Holotype ¢ 
(MCZ); Walton Co., De Funiak Springs, 24 

V, F. M. Jones, allotype 2? (MCZ); Okaloosa 

Co., Valparaiso, 6 VI 1988, P. J. Landolt, 

2 6 (FSCA). 

Remarks.— Males of N. jonesii share the 

open first posterior cell of the wing with N. 

melanopogon, but can be readily distin- 

guished by yellow brown tergites 2-5 with 

brown to black middorsal patches. Steyskal 

(1956) listed an additional specimen from 

Lean Co., Florida, which was not examined. 

The male specimens collected from Val- 

paraiso differ from the holotype by having 

the mystax white; setae of scape, pedicel and 

vertex brown; setae of thorax, pleurites, 1st 

and 2nd abdominal tergites black. 

Nemomydas melanopogon Steyskal 

Fig. 3 

Nemomydas melanopogon Steyskal, 1956: 

2. Type locality: Florida, Lake Co., 4.5 

mi. E of Eustis. Holotype ¢ (UM), ex- 

amined. 

Nemomydas lara Steyskal, 1956: 3. Type 
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locality: Florida, Orange Co., 5.5 mi. W 

of Orlando. Holotype 2 (UM), examined. 

NEW SYNONYMY. 

Steyskal (1956) already alluded to the 

possibility that N. /ara could be the female 

of either N. desideratus or N. melanopogon, 
but did not have sufficient material for a 

conclusion. Kondratieff and Welch (1990) 

suggested the above synonymy in a partial 
review of the genus. Recently, through the 

kindness of Mark A. Deyrup, Archbold Bi- 

ological Station, much material was made 

available for study. Examination of these 

specimens, including a pair in copula, has 

confirmed the above synonymy. 

Steyskal (1956) provided good descrip- 

tions. The following can be added: male 
length ranges 11-15 mm and proboscis is 

short, 0.4-0.5 times as long as subcranial 

cavity. The female body length ranges from 

12-17 mm and the proboscis is short, 0.2 

times as long as subcranial cavity. Addi- 

tionally, abdominal tergites 1-5 of some fe- 

male specimens have dark brown dorsal 

patches. 

Material examined.—Florida: Holotype 4 

(melanopogon) (UM); Holotype ¢ (/ara) 

(UM); Alachua Co., 2.5 mi. SW Archer, 3 

V 1988, P. Skelley, 1 ¢ (FSCA); Highlands 

Co., Lake Placid, 13 VII 1948, B. T. 

McDermott, | 2 (SEM); 0.5 mi. S Josephine 

@reek, SRtl. 27 xing, 8 VII 1977, L. R. 

Davis, Jr., 2 2 (CSU); Archbold Biol. Stn., 

14 VI 1979, H. V. Weems, Jr. & T. A. Web- 

ber, insect flight trap, 2 6 (FSCA); same data 

except 30 VI-1 VII 1979, 1 (FSCA); same 

data except 12 VII 1979, 1 6 (FSCA); same 

data except 21 VI 1979, H. V. Weems, Jr. 

& C. W. Harris, | ¢ (FSCA); same data ex- 

cept 19 VII 1979, 1 6 (FSCA); Archbold 

Biol. Stn., Lake Placid, 16 VI 1983, M. Dey- 
rup, | ¢ (ABS); same data except 30 VI-1 

VII 1983, malaise trap, Trail 1 SSo, W side, 
1 6 (ABS); same data except E side, | ¢ 

(ABS); same data except 3 VII 1983, 1 2 

(ABS); same data except 13 VII 1983, Eend 
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of trail 2 SSo, 1 ¢ (ABS); same data except 

27 VII 1983, malaise trap, trail | SSo, | ¢ 

(ABS); same data except 4 V 1984, W 

boundary tract 7, 1 ¢ (ABS); same data ex- 

cept 15 VI 1984, malaise trap, site of 16 V 

1984 burn, SF1, | ¢(ABS); same data except 

19 VI 1984, ovipositing in grass tussock on 

firelane N side, 18 E, | 2 (ABS); same data 

except 20 VI 1984, NE firelane, NE tract, 1 

2 (ABS); same data except 25 VII 1984, mal- 

aise trap, trail 1 SSo, 1 2° (ABS); same data 

except 27 VI 1984, malaise trap, trail 2 SSo, 

2 6 (ABS); same data except 19 VII 1984, 

NE firelane, NE tract SSo, 1 2 (ABS); same 

data except 24 VI 1987, pair in copula (ABS); 

same data except 18 V 1989, malaise trap 

by Lake Annie, | ¢ (ABS); same data except 

30 V 1989, 1 6(ABS); Levy Co., 3.8 mi. SW 

Archer, 25 V 1987, P. Skelley, 1 2 (FSCA); 

same data except 8-15 V 1988, P. Skelley, 

window trap in rosemary, turkey oak sand- 

hill, 1 ¢ (FSCA); Marion Co., 8 mi. NW 

Eureka, 5 V 1991, M. Deyrup, ex sandhill 

area burned in 1990, | 2 (ABS); Polk Co., 

Sun-Ray Devel, 25 VI 1988, M. Deyrup, 

scrub area, 2 4, | 2 (ABS). 

Remarks.— Both sexes of this species can 

be easily separated by the characters given 

in the above key. Deyrup (1989) has in- 

cluded N. melanopogon as a species endem- 

ic to the Florida scrub community of pen- 

insular Florida. These series of habitat 

“islands” of well-drained sand ridges and 

dune systems can be identified by their dis- 
tinctive vegetation of sclerophyllous oaks 

and often sand pine (Pinus clausa (Chapm. 

ex Engelm.) Vasey ex Sarg.) or Florida rose- 

mary (Ceratiola ericoides Michx.). These ar- 
eas may have served as biotic refuges during 

the Miocene, Pliocene, or Pleistocene in- 

undations. Deyrup has emphasized that 

these communities are being rapidly de- 

stroyed by human activities. 
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ANALYSIS OF KNOWN AND NEW HOST RECORDS FOR PAROXYNA FROM 
CALIFORNIA (DIPTERA: TEPHRITIDAE) 

RICHARD D. GOEDEN 

Department of Entomology, University of California, Riverside, California 92521. 

Abstract.—Thirty-seven new rearing records from mature flower heads of Asteraceae 
are reported for nine of the 19 species of Paroxyna now known from California. Paroxyna 

coloradensis Quisenberry 1s newly reported from California. Hosts remain unknown for 

seven species and unconfirmed for two species. The host-plant relations for 12 species 

for which hosts now have been reported are analyzed and compared for the first time. 

Seven species apparently are monophagous or nearly monophagous, being restricted to a 

single host genus or known only from one to several, congeneric hosts. Three are oli- 

gophagous species reported from more than one host genus in a single tribe. Paroxyna 

genalis (Thomson) appears to be the sole generalist among California species, and is now 

known from 16 genera and 38 species of host plants representing six tribes of Asteraceae. 

The hosts of Paroxyna in California represent eight tribes of Asteraceae: Anthemideae, 

Astereae, Cichorieae, Eupatorieae, Helenieae, Heliantheae, Inuleae, and Senecioneae. The 

Anthemideae and Eupatorieae are each represented by a single host-plant species for two 

different monophages. Five California Paroxyna spp. may attack only Astereae, the largest 

of 12 tribes of Astereae in California. 

Key Words: 

specificities, monophagy 

The genus Paroxyna, together with the 

genera Neaspilota, Tephritis, Trupanea, and 

Urophora, comprise the bulk of the native, 

nonfrugivorous fruit flies (Diptera: Tephrit- 

idae) extant in California (Foote and Blanc 

1963, Foote et al. 1993, Goeden 1993, un- 

published data). Host plants of California 

tephritids in the latter four genera were re- 

ported, compiled, and analyzed by Goeden 

(1985, 1987, 1989, 1992, 1993): and Goe- 

den and Blanc (1986) provided an abbre- 

viated account of hosts of two species of 

Paroxyna. Publication of the handbook on 

North American Tephritidae by Foote et al. 

(1993) inspired and facilitated the present 

analysis of known and new host plants of 

Paroxyna from California. Because Parox- 

Insecta, Paroxyna, Tephritidae, Asteraceae, flower-head feeders, host-plant 

yna species are difficult to identify, locate, 

sample, and study in nature, this analysis 

of my admittedly meager findings of the past 

13 years on the host-plant relations of this 

genus may otherwise have gone unreported. 

Companion life-history studies of selected 

species of California Paroxyna eventually 

will be reported separately beginning with 

P. genalis (Thomson) (Goeden, Headrick. 

and Teerink, unpublished data). 

MATERIALS AND METHODS 

Materials and methods used were de- 
scribed by Goeden (1985, 1992). Voucher 

species of tephritids reside in my research 

collection; pressed voucher specimens of 

uncommon or otherwise poorly represented 
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host-plant species were deposited in the 

Herbarium of the University of California, 
Riverside. 

RESULTS 

New rearing records are listed below for 

eight of 18 species of Paroxyna reported 

from California by Foote et al. (1993), in- 

cluding P. opacipennis (Foote) transferred 

by them from Tephritis at the suggestion of 

Jenkins (1985). Paroxyna coloradensis 

Quisenberry is newly reported from Cali- 
fornia. Host records unreported by Was- 

bauer (1972), Novak (1974), Goeden (1983), 

Goeden and Blanc (1986), or Foote et al. 

(1993) are listed by genera and species in 

the manner of Goeden (1993). All flies were 

reared from ca. 1|-liter samples of mature 
flower heads. Among multiple samples of a 

newly reported host-plant species, only the 

sample from which the most individuals of 
each fly species were recovered is reported. 

The plant nomenclature used largely follows 

Munz and Keck (1959) and Munz (1968, 

1974). The insect nomenclature follows 

McAlpine (1981) and Foote et al. (1993). 

Rearing records for the flies and their host 

plants are listed alphabetically. 

Paroxyna californica Novak 

New host records.—4rnica chamissonis 

Lessing; 6 ¢ and 4 2; Campito Meadow at 

3230 m on White Mountain, Inyo Nat. For- 
est, Mono Co.; 19.vili.1987. Arnica longi- 

folia deCandolle; 21 éand 15 2; along Dead- 

man Creek at 2800 m, W of Sonora Pass, 

Stanislaus Nat. Forest, Tuolumne Co.; 
8.1x.1988. Arnica sororia Greene; 27 3 and 

42 2: along Deadman Creek at 2500 m, Inyo 

Nat. Forest, Mono Co.; 9.ix.1986. 

Paroxyna clathrata (Loew) 

New host genus. — Artemisia. 

First known host record.— Artemisia tri- 

dentata Nuttall; 55 ¢ and 48 2; SW of Mon- 

itor Pass at 2440 m, To1yabe Nat. Forest, 

Alpine Co.; 10.1x.1992. 
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Paroxyna coloradensis Quisenberry 

New host genus. — Aster. 

First known host record. — Aster occiden- 
talis (Nuttall) Torrey and Gray; | 4; Poison 

Spring at 2040 m, Stanislaus Nat. Forest, 
Calaveros Co., 29.vii.1992. 

Paroxyna dreisbachorum Novak 

New host genus. — Erigeron. 

First known host record.—FErigeron per- 

egrinus (Pursh) Greene; 4 4 and 3 2; Kaiser 

Pass Meadow at 2720 m, Sierra Nat. Forest, 

Fresno Co.; 17.viil.1988. 

Paroxyna genalis (Thomson) 

New host genera. —Agoseris, Antennaria, 

Aster, Chrysopsis, Crepis, Encelia, Grinde- 

lia, Lepidospartum, Tetradymia, Venega- 
sla. 

New host records.—Agoseris glauca 

(Pursh) Greene; 10 ¢ and 12 2; Frenchman 

Lake at 1700 m, Plumas Nat. Forest, Plu- 

lia Nuttall; 3 2; Ebbett’s Pass at 2630 m, 

Toiyabe Nat. Forest, Alpine Co.; 

30.vu.1992. Antennaria rosea Greene, | 3 

and | 2; N fork of Mission Creek, San Ber- 

nardino Nat. Forest (N section), SW San 

Bernardino Co.; 19.viii.1982. Aster chilen- 

sis Nees von Esenbeck: | 6 and 1 2; W of 

Loleta at 8 m, Humboldt Co.; 2.1x.1987. 

Aster eatonii (Gray) Howell; 5 ¢ and 3 8; 

above Perazo Meadow at 2000 m, Tahoe 

Nat. Forest, Sierra Co.; 10.1x.1986. Aster 

occidentalis; 5 6 and 8°; NE shore of Round 
Valley Reservoir at 1370 m, Plumas Nat. 

Forest, Plumas Co.; 10.ix.1986. Chrysopsis 

breweri Gray; 2 6 and | 2; Iron Mountain 
Ridge at 2100 m, El Dorado Nat. Forest, El 

Dorado Co.; 7.1x.1988. Crepis acuminata 

Nuttall; 6 ¢ and 14 2; Mineret Summit at 

2800 m, in Mammoth Lakes area, Inyo Nat. 

Forest, Mono. Co.; 2}.vii.1987. Crepis oc- 

cidentalis Nuttall; 6 ¢ and 7 2; along Blue 
Lake Road at 2480 m, Toiyabe Nat. Forest, 
Alpine Co.; 30.vi1.1992. Crepis rucinata 
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Torrey and Gray; | ¢ and | 2; below Bound- 

ary Peak on E side of White Mountain at 

2440 m, Inyo Nat. Forest, Esmeralda Co., 

Nevada (just across California border): 
26.vu1.1989. Encelia californica Nuttall; 1 

6; Carpenteria, Santa Barbara Co., 
16.iv.1980. Eriophyllum confertiflorum 

(deCandolle) Gray; 12 and 14 2; along Blue 

Ridge Road at 2430 m, Angeles Nat. Forest, 
Los Angeles Co.; 1.viii.1990. Eriophyllum 

lanatum (Pursh) Forbes; 11 ¢ and 8 2: SW 

of Arrowbear Lake at 1800 m; San Bernar- 

dino Nat. Forest (N section), SW San Ber- 

nardino Co.; 19.vii.1990. Grindelia stricta 

deCandolle; 6 ¢ and 8 2: W of Loleta at 3 

m, Humboldt Co.; 2.1x.1987. Haplopappus 

apargioides Gray; 1 2; Upper Sedge Meadow 

at 2750 m, Inyo Nat. Forest, Mono Co.; 
18.1x.1991. Haplopappus squarrosus Hook- 

er and Arnott; | 4; along Kitchen Creek Road 

at 1300 m, Cleveland Nat. Forest, San Di- 

ego Co.; 23.x.1984. Haplopappus venetus 
(Humboldt) Blake; 1 ¢and | 2: Frazer Point, 

Santa Cruz Island, Santa Barbara Co.; 
8.x.1985. Lepidospartum squamatum (Gray) 

Gray; 44 and 3 @: Central Valley, Santa Cruz 

Island, Santa Barbara Co.; 9.x.1985. Sene- 

clo breweri Davy; 48 4 and 46 2: E of Woody 

on Doney Hill at 1000 m, Kern Co.; 

18.v.1989. Senecio clarkianus Gray; 3 6 and 

6 2; Poison Meadows, 16 km from Bass Lake 
at 2000 m, Sierra Nat. Forest, Madera Co.; 

16.vili.1988. Senecio hydrophilus Nuttall; 1 

3 and 2 2; Little Walker Cowcamp on Little 

Walker River at 2010 m, Toiyabe Nat. For- 

est, Mono Co.; 27.vul.1992. Senecio iono- 

phyllus Greene; 12 6 and 21 2; Upper Aspen 

Meadow, San Bernardino Nat. Forest (N 

section), SW San _ Bernardino Co.; 

28.vu1.1987. Senecio mohavensis Gray; 5 3 

and 6 2; Box Canyon at 260 m, Riverside 

Co.; 16.iv.1992. Senecio triangularis Hook- 

er; 327 4 and 318 @; Dana Plateau at 3350 

m, Inyo Nat. Forest, Mono Co.; 8.vill. 1986. 

Tetradymia canescens deCandolle; 1 4; 1 

km E of Aspen Grove, San Bernardino Nat. 

Forest (N section), SW San Bernardino Co.; 
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19.vill.1982. Venegasia carpesioides de- 

Candolle; 26 ¢ and 29 2; Jalama Canyon at 

100 m, Santa Barbara Co.; 18.1v.1985. 

Paroxyna jamesi Novak 

New host genus. — Aster. 

New host records.—Aster eatonil, 1 4; 

above Perazo Meadow at 2000 m, Tahoe 

Nat. Forest, Sierra Co.; 10.1x.1986. Aster 

occidentalis; 3 6 and 2 2: 6 km W of Sawmill 

Meadow at 2600 m, Inyo Nat. Forest, Mono 

Cos 17.1x.1991. 

Paroxyna pallidipennis (Cresson) 

New host genus. — Brickellia. 

First known host record.—Brickellia 
grandiflora (Hooker) Nuttall; 145 ¢and 227 

2; E side of Ebbett’s Pass at 2310 m, Toiyabe 

Nat. Forest, Alpine Co.; 7.1x.1988. 

Paroxyna sabroskyi Novak 

New host genus. — Hieraceum. 

New host record. — Hieraceum albiflorum 

Hooker; 15 6 and 20 2; N of Bass Lake at 

1260 m, Sierra Nat. Forest, Madera Co.; 
21.vi.1989. 

Paroxyna variabilis (Doane) 

New host record.—Agoseris retrorsa 

(Bentham) Greene; 3 ¢ and 2 2; Pinehurst 

at 1360 m, Lassen Nat. Forest, Shasta Co.: 

24.vii.1989. 

DISCUSSION 

The host-plant specificities of Paroxyna 

species in California apparently are as di- 

verse as those reported elsewhere for Te- 

phritis (Goeden 1993) and Trupanea (Goe- 

den 1985, 1992) species. All three genera 

include true monophages, each with a single 

host-plant species; nearly monophagous te- 

phritid species confined to several host spe- 

cies in one genus; oligophagous species at- 

tacking two or more host genera in one tribe: 

and at least one generalist that attacks hosts 
from several tribes of Asteraceae (Goeden 

1985, 1992, 1993). Host plants remain un- 
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known for seven species of California oc- 

currence: Paroxyna distincta Quisenberry, 
P. dupla (Cresson), P. farinata Novak, P. 

occidentalis Novak, P. opacipennis (Foote), 

P. pygmaea Novak, and P. steyskali Novak 

(Foote et al. 1993). Of these seven species, 

I have swept all but dup/a during mid-sum- 

mer to early fall from flowering shrubs, e.g. 
Artemisia and Chrysothamnus spp., at high- 

er elevations in our mountains, but still have 
not located and sampled the mature flower 

heads of their respective host plants. To date, 

all eight, reared, described species as well 

as at least three, possibly undescribed spe- 

cies currently under study are ovule and soft 

achene feeders as larvae; moreover, some 

of these species also score receptacles, and 

presumably, most of them also feed on the 

sap that collects at their feeding sites in flow- 

er heads (Goeden and Teerink, unpublished 

data). None has been found to form galls; 

neither facultatively like Trupanea con- 

jJuncta (Adams) (Goeden 1987), nor oblig- 

atorily like some species of 7rupanea (Goe- 

den 1985, 1992) and Tephritis (Goeden 

1993). 
Among the apparent, true monophages, 

my rearing record for P. clathrata is the first 

for this common, widespread western spe- 

cies. Previous records for P. clathrata from 

Haplopappus pinifolius, Senecio douglasii, 

and S. integerrimus in Goeden (1983) and 

Foote et al. (1993) refer to misidentified P. 

genalis. As now reported, P. clathrata is the 

only Paroxyna known with a host from the 

tribe Anthemideae (Novak 1974, Foote et 

al. 1993). 
Paroxyna coloradensis also is reported 

from its first known host, Aster occidentalis, 

besides being newly reported from Califor- 
nia. My single specimen of this distinctive 

dark species was identified by F. L. Blanc. 

Moreover, it was reared from a sample col- 

lected at an altitude about 1000 m below 

the “high Rocky Mountain elevations” of 

2900 to 3600 m in Colorado and Wyoming 

which Novak (1974) reported as its distri- 

bution. 
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Paroxyna driesbachorum was described 

as a rare species that occurs in high moun- 

tainous areas up to 3800 m by Foote et al. 

(1993). Novak (1974) described it only from 

Colorado. It is reported here from Erigeron 

peregrinus, its first record from California 
and from its only known host, and as the 

only species of Paroxyna reared from a host 

in this large genus in the tribe Astereae. I 

otherwise have reared only Neaspilota, Pro- 

cecidochares, Tephritis, and Trupanea to 

date from among the 11 species of Erigeron 

that I have sampled (Goeden 1985, 1987, 

1992, 1993, unpublished data). 

Paroxyna murina (Doane) has been re- 

ported only from H. bloomeri Gray (Novak 
1974). However, I have been unable to ver- 

ify this host record despite my repeated 

samplings and rearings of 7rupanea, Te- 

phritis, and Euaresta spp. from the flower 

heads of H. bloomeri (Goeden 1992, 1993, 

unpublished data). This unconfirmed host 

also is in the tribe Astereae, which is the 

largest tribe of Asteraceae in California 

(Munz and Keck 1959, Goeden 1992, 1993). 

My rearing record for P. pallidipennis from 

Brickellia grandiflora similarly is the first 
reported for this monophage. This is the 

only Nearctic species of Paroxyna reared 

from a host in the tribe Eupatorieae and 

from the genus Brickellia, which otherwise 

hosts only Procecidochares flavipes Aldrich 

(Goeden, unpublished data, Foote et al. 

1993) and 7rupanea spp. (Goeden 1992) in 

California. 

Any analysis of host specificities like the 

above assigning species of phytophagous in- 

sects to single host-plant species must rec- 

ognize that such apparent monophagy may 

reflect instead the incomplete knowledge of 

host plants characterizing most native North 

American, phytophagous insects (Goeden 

and Teerink 1993). One of my long-term 

research goals has been to rectify this defi- 

ciency for California Tephritidae (Goeden 

1983, 1985, 1987, 1989, 1992, 1993, pres- 

ent paper). 

Paroxyna albiceps (Loew) was reported 
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from six species of Aster in the tribe Aster- 

eae by Novak (1974), none of which occur 

in California. As this tephritid is known from 

California (Novak 1974, Foote et al. 1993), 

its host range presumably includes one or 

more species of Aster other than the 19 spe- 

cies that I have sampled to date (unpub- 

lished data). As reported above, I have 

reared only P. genalis and P. jamesi from 

one or more of these 19 Aster species to date. 

Paroxyna californica is now known from 

four species of hosts in the genus Arnica in 

the tribe Senecioneae (Foote et al. 1993, 

present report). The record for A. sororia 

Greene attributed to Goeden (1983) by 

Foote et al. (1993) is not found in that paper, 

but instead may refer to an unpublished 

communication from me. For this reason, 
I have included my rearing record from 4. 

sororia in the present report. 

Paroxyna james was reported from Grin- 

delia nana Nuttall by Novak (1974), but I 

have not reared any tephritid from three 

samples of flower heads of this plant species. 

However, as reported above, I have reared 

P. jamesi from two species of Aster, which 

also are in the tribe Astereae. 

Paroxyna snowi Hering was reported from 

Senecio triangularis (Novak 1974) and 4r- 

nica cordifolia Hooker (Foote et al. 1993), 
both in the tribe Senecioneae. I have not 

sampled the latter plant species, and, be- 

sides Tephritis and Trupanea (Goeden 1992, 

1993), have reared only P. genalis from five 

samples of the former host to date. 

Paroxyna sabroskyi and P. variabilis are 

two more oligophagous species, i.e. reported 

from more than one host genus in a single 

tribe, in California. The former species has 

been reported from Stephanomeria virgata 

Bentham (Goeden and Blanc 1986) and 

above from Hieraceum albiflorum, both in 

the tribe Cichorieae. All three reported hosts 

of P. variabilis also belong to the Cichorieae. 
Besides my new record for P. variabilis from 

Agoseris retrorsa, | have confirmed the rec- 

ord for 4. grandiflora (Nuttall) Greene, but 
not the record for Microseris laciniata 
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(Hooker) Shultz-‘Bipontinus’ in Novak 

(1974). 

Paroxyna genalis appears to be the sole 

generalist among the California species of 

Paroxyna. It is now known from 16 genera 

and 38 species of host plants representing 

six tribes: Astereae, Cichorieae, Helenieae, 

Heliantheae, Inuleae, and Senecioneae. The 

flies that now key to the highly variable ge- 

nalis in reality may comprise several, more 

stenophagous species of Paroxyna, but res- 

olution of this possibility awaits future tax- 

onomic and biological studies. All 38 spe- 

cies of reported hosts occur in California, 

where only those published host records for 

Microseris sp. in Novak [1974, as corpulen- 

ta (Cresson)] and for Senecio jacobaea L. in 

Frick (1964) remain unconfirmed. How- 

ever, both unconfirmed hosts belong to the 

Cichorieae, from four other species and two 

genera of which I also have reared P. gena- 

lis, so the use of this tribe by this tephritid 

has been clearly established. Likewise, I have 

reared P. genalis from 11 additional species 

of Senecio (Goeden 1983, as clathrata; Goe- 
den and Blanc 1986), while confirming rec- 

ords for three hosts in Foote and Blanc 

(1963), Frick (1964) or Novak (1974). Se- 

necio jacobaea is an accidentally introduced 

weed of European origins (Munz and Keck 

1959), and thus represents an infrequently 

encountered example of a native tephritid 

and endophage successfully transferring to 

an introduced plant species, presumably 

from one or more native congeneric hosts. 

This phenomenon also was documented for 

Paracantha gentilis Hering from native to 

introduced Cirsium thistles in southern Cal- 

ifornia (Goeden and Ricker 1986, Headrick 

and Goeden 1990). 

Unlike several 7rupanea spp. in Califor- 

nia (Goeden 1985, 1992), only P. genalis 

and P. jamesi are now known to attack the 

same two, congeneric, plant species. In ad- 

dition, both tephritids, plus P. coloradensis, 

are now known from one of these hosts, 

Aster occidentalis. This low frequency of in- 

trageneric resource sharing among Califor- 
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nia Paroxyna probably reflects P. genalis 

being the sole generalist; whereas Trupanea 

contains at least six generalists in California 

(Goeden 1985, 1992), and commensurately, 

a smaller proportion of monophages than 

Paroxyna. As noted above, besides the two 

identical species of Aster shared by P. gena- 

lis and P. jamesi, this plant genus also is 

attacked by P. albiceps and P. coloradensis. 

Other host genera apparently shared by P. 

genalis include: Agoseris and Microseris with 

P. variabilis, Grindelia with P. jamesi, Hap- 

lopappus with P. murina, and Senecio with 

P. snowi. The evolutionary significance of 

these shared host resources is left to my 

systematist colleagues to ponder (Goeden 

1992). Consistent rearings of the same pairs 

of species from flower-head samples also 

have provided evidence used to synony- 

mize certain species of Paroxyna (Goeden 

and Blanc 1986) and Neotephritis (Goeden 

et al. 1987). 
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Abstract.—Procecidochares flavipes Aldrich is a multivoltine (at least bivoltine), oli- 

gophagous tephritid fly reproducing in flower heads of species of Brickellia (Eupatorieae: 
Asteraceae) in California. Unlike all other known species of Procecidochares, P. flavipes 

is not an obligate gall former; rather, its larvae feed mainly on the ovules and soft achenes 
as well as on sap. The egg, third instar larva, and puparium are described and figured; 

these stages are distinct morphologically from the same stages of other species of Proce- 

cidochares studied to date in California. Pupariation occurs in the larval feeding chamber 

inside a bundle of scored achenes. Premating and mating behaviors are described. Newly 

emerged, sexually immature adults can mate, but then oversummer or overwinter as 

aestivating adults, probably in riparian habitats, to await flowering by their alternate host 

plants. Eurytoma sp. (Eurytomidae), Pteromalus sp. (Pteromalidae), and Colotrechnus 

ignotus Burks (Eupelmidae) are reported as primary parasitoids of P. flavipes. 

Key Words: Insecta, Procecidochares flavipes, nonfrugivorous Tephritidae, mating be- 
havior, immature stages, Asteraceae, galls, flower-head feeding 

Procecidochares flavipes Aldrich (Dip- 

tera: Tephritidae) is the second of 11 de- 

scribed species in this genus from North 

America north of Mexico (Foote et al. 1993) 

to be studied by us in California (Green et 

al. 1993). Preliminary findings on another, 

still undescribed species from Ambrosia du- 

mosa (Gray) Payne were reported by Sil- 

verman and Goeden (1980). Herein we re- 

port our findings on P. flavipes, a species 

unique for its nongallicolous habit among 

Procecidochares as heretofore known (Foote 

et al. 1993, Goeden, Headrick, and Teerink, 
unpublished data). 

MATERIALS AND METHODS 

The principal study area during 1988- 

1992 was in dense chaparral between | 360- 

and 1560-m elevations along the unpaved 

truck trail up Santa Rosa Mountain, San 

Bernardino National Forest (southern sec- 

tion), Riverside Co., in southern California. 

Newly reported, alternate host plants for P. 

flavipes at this location were the spring- 

blooming host of the F, generation, Brickel- 

lia oblongifolia Nuttall (Asteraceae = 
Compositae), and the fall-blooming B. cal- 

ifornica (Torrey and Gray) Gray. One-liter 

samples of mature flower heads of these and 

other species of Brickellia were collected and 

returned to the laboratory for dissection, 

photography, description, and measure- 

ment, or for bulk-caging in glass-topped 
sleeve cages in the insectary of the Depart- 

ment of Entomology, University of Cali- 

fornia, Riverside at 27 + 1°C and 14- or 

16-h photoperiods (Goeden 1985, 1989). 

Adults studied either were recovered from 

these insectary cagings, or were reared along 

with parasitoids from larvae and puparia 
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dissected from flower heads and held sep- 

arately in cotton-stoppered, glass, shell vials 

within humidity chambers 1n the laboratory 

at 22—24°C and 76% R.H. Post-teneral adults 

were dissected in glycerine mounts for ex- 

amination of their abdominal organs. The 

crop was further dissected in 70% EtOH 

treated with 1% alcoholic acid fuchsin as a 

visual aid. 

Larvae and puparia of P. flavipes dis- 
sected from flower heads were preserved in 

70% EtOH for scanning electron micros- 

copy (SEM). Specimens for SEM later were 
rehydrated to distilled water in a decreasing 

series of acidulated EtOH. They were os- 

micated for 24 h, dehydrated through an 

increasing series of acidulated EtOH solu- 

tions, critical-point dried, mounted on stubs, 

sputter-coated with a gold-palladium alloy, 

and studied with a JEOL JSM C-35 SEM 
in the Department of Nematology, Univer- 

sity of California, Riverside. 

Adults reared from isolated puparia were 

individually caged in 850-ml, clear-plastic, 

screened-top cages fitted with a cotton wick 

and basal water reservoir and provisioned 

with honey striped on the lid or also with a 

strip of paper toweling impregnated with 

yeast hydrolyzate and sucrose. These cag- 

ings were used for longevity studies and ovi- 

position tests. Virgin male and female flies 
obtained from emergence vials were paired 

in clear-plastic petri dishes provisioned with 

a flattened, water-moistened pad of absor- 

bant cotton (Headrick and Goeden 1991, 

Goeden and Headrick 1992) for direct ob- 
servation, video-recording, and _ still-pho- 

tography of their general behavior, court- 

ship, and copulation. Six pairs were held 

together for at least 1 month, and obser- 

vations were made as opportunity allowed 

throughout the day. 
Plant names used in this paper follow 

Munz (1974). Nomenclature used to de- 

scribe the immature stages follows Headrick 

and Goeden (1990a, 1991) and Goeden and 

Headrick (1990, 1991a, b, 1992), and the 

telegraphic format of Headrick and Goeden 
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(1993) and Goeden et al. (1993). Means + 

SE are used throughout this paper. Voucher 

specimens of reared adults of P. flavipes and 

its parasitoids reside in the research col- 

lections of RDG; preserved specimens of 

larvae and puparia are stored in separate 

collections of immature Tephritidae main- 

tained by DHH or JAT. 

RESULTS AND DISCUSSION 

Taxonomy 

Aldrich (1929) described this species from 

a female collected on Socorro Island in the 

Revillagigedo Islands group off the west 

coast of Mexico. Foote and Blanc (1963) 
included P. flavipes in their key to California 

species as well as a photograph of a wing of 

a female. Foote et al. (1993) included P. 

flavipes in their key to North American spe- 

cies as well as a discussion of its recognition 

features and an annotated wing photograph. 

Otherwise, the adults have not been illus- 

trated, nor the immature stages heretofore 

described or illustrated. 

Egg. — Egg body smooth, shiny, white, na- 

vicular; ova averaged 0.60 + 0.01 (range, 

0.54-0.66) mm long, 0.18 + 0.01 (range, 

0.16-0.20) mm wide (n = 16); anterior end 

bluntly rounded bearing distinct peg-like, 

0.02-0.03-mm-long pedicel (Fig. 1). 

The egg of Procecidochares sp. on Am- 

brosia dumosa is half as long and elongate- 
ellipsoidal, but bears a similar sized pedicel 

(Silverman and Goeden 1980). The egg of 

P. stonei is slightly shorter and half as wide 

as P. flavipes (Green et al. 1993), but like 

Procecidochares sp. (Silverman and Goeden 

1980), is tapered at both ends. 

Third instar larva.—Third instar elon- 

gate, elliptical, tapered anteriorly, rounded 

posteriorly (Fig. 2A); integument white with 

abdominal dorsum dark brown (Fig. 4C): 

thoracic segments bear small, unevenly po- 

lygonal, rugose pads (Fig. 2E); ventral aspect 

of intersegmental areas and dorsum of cau- 

dal segment bear minute acanthae (Fig. 2A); 

gnathocephalon conical with elongated ru- 



290 

Riga Egg of P. flavipes, pedicel at top (160 x). 

gose pads near anterior margin, smooth 

posteriorly (Fig. 2B); paired dorsal sensory 

organs verruciform (Figs. 2B-1, 2C-1); an- 

terior sensory lobes flattened, separated by 

a medial depression (Fig. 2B-2) bearing a 

lateral sensory organ (Fig. 2C-2); pit sensory 

organ (Fig. 2C-3); terminal sensory organ 

(Fig. 2C-4); and an additional sensillum 

dorsad of pit sensory organ (Fig. 2C-5); sto- 

mal sense organs lie ventrad of anterior sen- 

sory organs near mouth lumen and bear sev- 

eral pit-sensilla (Fig. 2D-1); mouth hooks 

bidentate, teeth stout, conical (Fig. 2D-2); 
median oral lobe lanceolate, basally free of 
labial lobe (Fig. 2D-3); prothorax covered 

by small, unevenly polygonal rugose pads 

(Fig. 2E-1); anterior thoracic spiracles dor- 

solateral on posterior margin of prothorax 

each bearing two papillae (Fig. 2E-2); lateral 

and ventral surfaces of mesothorax and 

metathorax bearing small, rugose pads, dor- 
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sum bearing minute acanthae; intersegmen- 

tal areas bearing rows of minute acanthae; 

lateral spiracular complex found near an- 

terior margins of segments TH-AVII, each 

composed of a single, open, lateral spiracle 

(Fig. 2F-1), and a single, verruciform sen- 

sillum (Fig. 2F-2); caudal segment bears 

posterior spiracular plates; plates bear three 

oval rimae ca. 0.02 mm long (Fig. 2G-1); 

and four thorn-like interspiracular process- 

es, the longest measuring 0.01 mm (Fig. 2G- 

2); stelex-type sensilla surround margin of 

caudal segment in four-dorsal, six-ventral 

arrangement; additionally, caudal segment 

bears a pair of compound sensilla ventrad 

of spiracular plates consisting of two, stelex- 

type sensilla (Fig. 2H). 

The third instar larva of P. flavipes differs 
significantly in general appearance from 

those of other Procecidochares species stud- 
ied to date (Green et al. 1993, unpublished 

data). Procecidochares flavipes is elongate 

and ellipsoidal and covered on most of its 
anterior end with many small, papillate, ru- 

gose pads; whereas P. stonei and P. minuta 

are barrel-shaped and have much fewer and 

larger rugose pads confined to the gnatho- 

cephalon (Green et al. 1993). The shape of 

the gnathocephalon in P. flavipes is more 

similar to other flowerhead-infesting te- 

phritids than to its gall-forming congeners 

(Headrick and Goeden 1990a, 1991, Goe- 

den and Headrick 199 1a, 1992, Green et al. 

1993). For example, in larval specimens 

separately identified as P. minuta from 

adults reared from flower heads of Chry- 
sopsis villosa (Pursh) Nuttall and from galls 

on Chrysothamnus nauseosus (Pallen) Brit- 

ton the gnathocephalon is subovoid, but 

broader than long and dorsally flattened 
(unpublished data). The gnathocephalon in 

P. stonei is flattened dorsally and rounded 

latero-ventrally (Green et al. 1993). 

Although P. flavipes differs in general ap- 

pearance from other Procecidochares spe- 

cies studied to date by SEM (Green et al. 
1993, unpublished data), the type of sensory 

structures and their placement is consistent 

in all three of those Procecidochares species, 
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Fig. 2. Third instar larva of P. flavipes. (A) Habitus, anterior to left. (B) Gnathocephalon, anterior view. | — 

dorsal sensory organs; 2— medial depression. (C) Gnathocephalon, anterior view. | —dorsal sensory organs; 2— 

lateral sensory organ; 3—pit sensory organ; 4—terminal sensory organ; 5—unnamed sensillum. (D) Gnatho- 

cephalon, anteroventral view. 1—stomal sense organs; 2—mouth hooks; 3—median oral lobe. (E) Cephalic end, 

left lateral view. 1—rugose pads; 2—anterior thoracic spiracles. (F) Lateral sensory complex. 1—spiracle; 2— 

sensillum. (G) Caudal segment. 1 —rima; 2—interspiracular process. (H) Caudal segment, stelex sensilla. 
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Big. 5: 

(B) Cephalic end, anterior view. | —invagination scar; 

2—anterior thoracic spiracles. (C) Caudal end, detail 

of posterior spiracular plate. 1 —rima; 2—ecdysial scar; 

3—interspiracular process. 

Puparium. (A) Habitus, anterior to mght. 

including P. flavipes. The median oral lobe 

is lanceolate and basally free of the labial 

lobe in all Procecidochares species, includ- 

ing P. flavipes, examined by us (Green et al. 

1993). All three Procecidochares species 

studied also have similarly shaped anterior 

spiracles with two to three papillae. The lat- 

eral spiracular complex consists of an open 

spiracle with just a single verruciform sen- 

sillum for each Procecidochares species. The 

posterior spiracular plates also are similar 

among species of Procecidochares exam- 
ined, though reduced slightly in P. minuta 

and P. stonei (Green et al. 1993, unpub- 

lished data). 

Puparium.—Puparium black, elongate el- 

lipsoidal, rounded anteriorly (Fig. 3A); an- 

terior end, thoracic segments rugose; acan- 

thae on dorsum of thoracic segments; 
anterior end bears invagination scar (Fig. 

3B-1), raised anterior thoracic spiracles, 

dorsolaterad of invagination (Fig. 3B-2): 

posterior spiracular plates bear slightly 

raised, oval rimae (Fig. 3C-1), ecdysial scar 

(Fig. 3C-2), and four, thorn-like interspi- 

racular processes (Fig. 3C-3) measuring ca. 

0.01 mm long. 

The puparium of Procecidochares flavipes 

differs significantly in appearance from P. 

stonei and P. minuta. The latter two species 

are superficially smooth, with no rugose pads 

or acanthae. The posterior spiracular plates 

in P. minuta and P. stonei are greatly re- 

duced with the interspiracular processes 

barely distinguishable (Green et al. 1993, 

unpublished data). 

DISTRIBUTION AND Hosts 

Foote and Blanc (1963) and Foote et al. 

(1993) mapped collection records for P. fla- 

vipes from California and from North 

America north of Mexico, respectively. Its 

geographic distribution was described by 

Foote and Blanc (1963) as “California; also 

islands west of Mexico,” the former state 

represented by only a single location in Riv- 

erside County in southern California. We 

add the following new rearing and location 

records from mature flower heads from Cal- 

ifornia acquired by RDG since 1980: Bric- 

kellia arguta Robinson, 19 4 and 8 2, W side 

of Tecopa Pass at 1260-m elevation, Kings- 

ton Mountain Range, Inyo Co., 29.v.1991; 
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B. californica, 10 é and 5 2, Kitchen Creek, 

Cleveland National Forest, San Diego Co., 
16.ix.1981; plus the following rearing rec- 

ords (in chronological order) from this host 

in other counties: 9 6 and 18 2, Greenhorn 

Mountains, Sequoia National Forest 

(northern section), Kern Co., 8.1x.1982; 3 

4, N side Westgard Pass, NE Inyo Co., 
15.ix.1982; 1 and 1 29, NW of Kessler Peak 

at S end of Ivanpah Mountains, NE San 

Bernardino Co., 21.x.1982; 2 6 and 3 9, 

Quatal Canyon, Inyo National Forest, S 
Kern Co., 31.viii.1983; 5 6 and 1 9°, West- 

gard Pass, Inyo National Forest, Tulare Co., 

9.x.1986; 64 6 and 55 2, Santa Rosa Moun- 

tain truck trail, San Bernardino National 
Forest, Riverside Co., 4.x.1988:; B. deser- 
torum Coville, 14 ¢ and 4 2, S of Mountain 

Pass, NE San Bernardino Co., 20.1x.1983: 

plus the following record from this host in 

another county: 2 6 and 2 2, S of Potrero 

and N of Tecate, Mexico, at 620 m, S San 

Diego Co., 20.x.1987; B. oblongifolia, 13 

and 12 2, Santa Rosa Mountain truck trail 

at 1400 m, San Bernardino National Forest, 

Riverside Co., 3.vi.1987. A male-biased sex 
ratio 1s suggested by these rearing data, as 

reported for Procecidochares sp. by Silver- 

man and Goeden (1980). 

This oligophagous tephritid appears to be 

restricted to the flower heads of only certain 

species of Brickellia in the Tribe Eupato- 
rieae of the Asteraceae (Foote et al. 1993). 
The flower heads of five other species of 

Brickellia sampled by RDG to date have 

yielded either only Trupanea (Goeden 1985, 

1992), Paroxyna, or no Tephritidae (RDG, 

unpublished data). 

BIOLOGY 

Egg.—The egg is inserted pedicel-last, 

loosely, and singly among the small, un- 

open, central florets in a pre-blossom flower 

head (Fig. 4A). Of 145 infested, mature 

flower heads of B. californica examined, only 

12 contained two individuals, the rest held 

one P. flavipes puparium each. Two of 19 

infested heads of the very closely related B. 
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desertorum contained two individuals. One 

of 10, individually caged, larger heads of B. 
oblongifolia yielded three adults and one 

parasitoid of P. flavipes, and upon dissec- 

tion was found to contain four empty pu- 

paria; the other nine heads yielded either 

one or two flies, and upon dissection were 

found to contain no more than two puparia 

of P. flavipes. However, some heads of B. 

oblongifolia that yielded one P. flavipes adult 
also produced one or more adults of the five 

species of 7rupanea reported from this same 

host by Goeden (1985, 1992), or upon dis- 

section also were found to contain one or 

more puparia of 7rupanea (Goeden 1992) 

or an unidentified species of Cecidomyi- 

idae. Therefore, females of P. flavipes ap- 

parently usually oviposit one, occasionally 

two, but only rarely more than two eggs in 

individual, immature flower heads. The four 

puparia of P. flavipes in the single head of 

B. oblongifolia also may have been the prog- 

eny of more than one female. 

Larva.—The newly hatched first instar 

immediately begins feeding on the inner side 

and soft interior of an immature ovule (Fig. 

4B). It initially confines its feeding to this 

single ovule and scrapes away a crescentic, 

open excavation, but leaves intact its op- 

posite, outer surface. As the larva grows and 

molts, it attacks additional adjacent achenes 

and enlarges its moist, open, smooth sur- 

faced, centrally located feeding cavity, but 

usually still confines its feeding to the achene 

layer (Fig. 4C). Fully grown, third instars 

slightly scored the receptacles in only six 

(4%) of the 145 infested heads of B. cali- 

fornica examined. Most feeding chambers 
were formed well above the receptacle, but 

were connected to this nutritive tissue by 

the caruncula-bearing, basal, uneaten seed 

coats of the achenes, the uneaten fragments 
of which form the outer walls of these cham- 

bers. This caruncula-connection continued 

to conduct sap to the inner, scarified surface 

of the feeding chamber, and thus helped to 

supplement the diet of the developing larva. 

Thus, the larvae of P. flavipes fed, devel- 
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Fig. 4. 

head of B. oblongifolia, (B) first instar feeding in ovule of B. californica, (C) third instar feeding on soft achenes 

in head of B. californica, (D) puparium among scored achenes of B. californica, (E) resting female, dorsal view, 

(F) mating pair, ventral view. 

oped, and grew within a bundle of concur- 

rently growing and elongating achenes, 

which externally appeared intact and were 

full-sized at pupariation (Fig. 4C). An ay- 

erage of 9 + 0.1 (range, 4-12) achenes were 

scored and thus involved in the construc- 

tion of the 145 cells examined in heads of 

B. californica; an average of 8 + 0.6 (range, 

5-12) achenes in the 19 infested heads of B. 

desertorum, and an average of 7 + 0.5 (range, 

Life stages of P. flavipes on Brickellia spp.: (A) two eggs inserted among ovules in immature flower 

5-12) achenes in 10 heads of B. oblongifolia 

solely infested by P. flavipes. There was ab- 

solutely no sign of gall-formation by P. fla- 
vipes! This finding is contrary for what oth- 
erwise has been regarded as a “large (with 

10 species or more),” “typical,” cecidogen- 

ous genus of nonfrugivorous Tephritidae 

(Freidberg 1984). Freidberg (1984) noted 

that all 12 species of Procecidochares with 

known modes of development are gall for- 
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mers. Instead, we document herein seed- 

feeding, non-gallicolous, larval develop- 

ment by this tephritid in a genus otherwise 

thought to be comprised of obligate, gall- 

forming species. This relationship appears 

to be the converse of facultative or obligate 

gall-formation among species of Tephritis 
(Goeden 1988, 1993) and Trupanea (Goe- 

den 1985, 1987, 1992), most of which de- 

velop in flower heads without producing 

galls (Freidberg 1984). 
Puparium.—Prior to pupariation, the 

third instar ceases feeding and orients itself 

lengthwise within the narrow flower head 

with its anterior end directed away from the 

receptacle (Fig. 4D). Pupariation occurs 

within the feeding chamber, 26 of which in 

heads of B. californica averaged 2.6 + 0.3 
(range, 1.7—3.4) mm in length and 1.1 + 0.1 

(range, 0.8-1.3) mm in width, and which 

thus closely approximated the size of the 

puparium. The puparium is lightly glued to 

the sides and base of the chamber by a mix- 

ture of dried sap and liquid feces, as are the 

scored achenes that comprise each cham- 

ber. The two puparia contained in a few 

single heads of the small-headed B. califor- 

nica and B. desertorum were each formed 

in separate chambers that only slightly co- 

alesced laterally in the common achene wall 

fragment that separated them. In the single, 

larger head of B. oblongifolia found to con- 

tain four puparia of P. flavipes, three were 
formed touching at staggered levels within 

a common, central chamber formed within 

10 achenes; whereas, the other puparium 

occupied a separate cell displaced to one 

side of this head. 
Adult.—Adults (Fig. 4E) exit the heads 

via a 3-6 mm channel through the pappus 

hairs of B. californica. Males and females 

emerged concurrently from one bulk, flow- 

er-head sample during a 2-week period in 

the insectary. Females are synovigenic, and 

contain neither substantial fat body tissue 

nor mature or nearly mature ovaries at 
emergence, unlike Procecidochares sp. on A. 

dumosa (Silverman and Goeden 1980) and 
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P. stonei on Viguiera spp. (Green et al. 1993) 

in southern California. However, these re- 

productively immature adults of P. flavipes 
readily mated in laboratory arenas (Fig. 4F). 

The abdominal cavity of newly emerged 

adults is nearly entirely filled by the crop. 

We “rediscovered” the crop while dissect- 

ing P. flavipes adults for examination of their 

reproductive organs. The crop walls are thin 

and so closely associated with the walls of 

the abdominal cavity that the crop 1s easily 

penetrated during dissections, often un- 

knowingly. During one dissection, the crop 

peeled away from the abdominal walls in- 

tact and we found it to be a large, striated, 
blind sac containing clear fluid (Fig. 5A, B). 

The crop originates as a ventral opening of 

the foregut opposite the proventriculus (Fig. 

5A). A small tube, termed a “crop duct,” 

travels along the ventral aspect of the mid- 

gut and expands into the crop proper as it 

enters the abdomen. The walls of the crop 

duct and crop are bilaminar with an inner 

cuticular layer and an outer muscular layer. 

The walls of the fluid-filled crop are pressed 

against the interior of the abdominal cavity 

and displace the remaining midgut, hindgut 

and reproductive organs against the dorsal 

aspect of the abdominal cavity (Fig. 5B). 
Thus, the abdomen is virtually filled by the 

crop until the reproductive organs begin to 

mature, when they in turn displace the crop 

as they enlarge. Dean (1934) described and 

illustrated a similar crop in the apple mag- 

got, Rhagoletis pomonella Walsh. In pre- 
liminary experiments, P. flavipes adults were 

allowed to feed freely from food and water 

sources from which they were later deprived 

to determine the rate of crop content usage. 
Adults depleted their fluid stores over the 

course of ca. 3 days to the point of abdom- 

inal collapse. Thus, the shape of the abdo- 

men depends on the amount of fluid stored 

in the crop. When later allowed access to 

food and water adults imbibed fluids until 

their crops were filled. The process of filling 

the crop lasted ca. 2 min. Droplet forma- 

tion, or crop welling (Adams and Heath 
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Fig. 5. The crop. (A) Adult: frontal section, ventral view. (B) Adult: parasagittal section, left lateral view. 

CRP—crop, |—outer muscular layer, 2—inner cuticular layer; CRP D—crop duct; ESO—esophagus; HDG— 

hindgut,; MDG— midgut; PVR—proventriculus; RPR—reproductive organs. 

1964), then followed and the first waste was P. flavipes is discussed below under ‘‘Sea- 

produced after ca. 30 min. The large size sonal History.” 

and unusual anatomy of the tephritid crop Wing displays: Rapid enantion, as de- 

stimulated further study of several other te- scribed by Green et al. (1993) for P. stonei, 

phritid species, which will be reported sep- was displayed by both sexes of P. flavipes 

arately. The adaptive nature of the crop in in arenas, both spontaneously and directed 
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towards individuals of the opposite sex. Fe- 

males also displayed a slower enantion that 

was followed by hamation (Goeden and 

Headrick 1992), during which the wings were 

extended to 60° from the longitudinal body 
axis, then hamated through ca. 30°, i.e. one 
wing was extended to 90° while the other 

wing was brought back to 60°. 

Courtship: Courtship behaviors other 

than the wing displays described above were 

not observed with P. flavipes in laboratory 

arenas, and reproductive behavior was not 

observed in the field. In arenas, males stalked 

females or jumped on them from behind 

opportunistically as they walked past, with 

or without accompanying wing displays. The 

intensity of these wing displays increased as 

the male neared the female. Females either 

did not respond with wing displays to males 

and remained still, or decamped. If the fe- 

male did not move, the male ceased his wing 

displays, then attempted to mount her by 

jumping onto her dorsum. Males attempted 

to mount females from as far away as 5 cm 

in arenas. Most mounting attempts were un- 

successful, with the males missing the fe- 
males or failing to hold onto them after 

mounting. Females of P. flavipes used their 

legs and wings to strike at males after being 

mounted, but then became quiescent once 

the male obtained a firm grasp. 

Copulatory induction behavior: Once a 

male successfully grasped a female, he po- 

sitioned himself for copulatory induction 

behavior (CIB). During CIB, which typi- 

cally was of short duration, the male grasped 

the female with his front legs around her 

abdomen near her thorax, his middle legs 
near the base of her oviscape, and his hind 

legs bent underneath her oviscape and ab- 

domen. His hind legs were used to pull the 

Ovipositor apex to the epandrium and to 

drum asynchronously on the oviscape and 

posterior sternites of the abdomen. Typi- 

cally, the female exserted her aculeus within 

seconds after a male began CIB; however, 
in one pairing, a male remained mounted 

on a female for 30 min before she exserted 
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her aculeus. Female resistance to copulation 

was not observed, as a female exserted the 

aculeus for any male able to maintain a grip 

after mounting her. 
Copulation: Theaculeus was lifted by the 

male to expose the gonopore between it and 

the 8th sternite. The aedeagus was visible 

on video-recordings exiting posteriorly from 

between the surstyli and the epandrium, 

coiling around the right side, and entering 

the gonopore. In the final copulatory posi- 

tion, the male had his front legs on the an- 

terior of the abdominal tergum of the fe- 

male, bent at the femoro-tibial joint and 

level with his mouthparts. The fore femora 

were parallel to the long axis of the body of 

the female. The middle legs of the mounted 

male were placed near the base of the ovi- 

scape, and his hind legs were held under- 

neath or pressed against the sides of the 

oviscape. The wings of the female were 
spread at 45° from the longitudinal body 

axis; the wings of the male were held flat 

over his dorsum with their costal margins 

parallel. Females in copula responded to 

moving objects by facing toward the source 

and displaying a single wing enantion with- 

out supination, i.e. by extending their wings 

from their resting position through an arc 

of 20°. 

The aculeus was intermittently exserted 

during copulation by the female, an action 

which pushed the male posteriad and ex- 

tended his postabdomen by means of mem- 

brane expansion. When the female exserted 

her aculeus, the male responded with vig- 

orous CIB, 1.e. the apex of his hind tibia and 

hind basitarsus were rubbed synchronously, 

posterior to anteriad, along the sides of her 

oviscape. Each leg rubbed the oviscape three 

to five times per second, then rested. During 

full exsertion of the aculeus by the female, 

the male was nearly pushed off her dorsum 

as he held onto her aculeus with his hind 

tarsi; thus, no CIB was exhibited, as he had 

to maintain his grip until the female retract- 

ed her aculeus. 

Twenty-three of a total of 38 copulations 
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were observed from their inception. Cop- 

ulations averaged 5 (range, 2—9) h in dura- 

tion. Pairs copulated up to twice daily (n = 

8) from morning to night, and all pairs in 

all trials mated more than once. Copulation 

occurred 1n laboratory arenas during the late 

fall in 1990, and with F, flies during the 

early summer in 1991. 

Aggression: In arenas, females occasion- 
ally displayed aggression expressed as rapid 

wing enantion and lunging at males. In one 

such response, a female turned to face the 

stimulus and extended her wings synchro- 

nously while vibrating them rapidly in a 

plane parallel with the blade. She then ex- 

tended both wings to 90° from the midline 
of her body while she also supinated them 

90°, and then returned them immediately 

to their resting position flat and partly over- 

lapping upon her dorsum. This behavior was 

similar to the aggression/defensive displays 

by females of Neaspilota (Goeden and 

Headrick 1992, unpublished data). The fe- 

male backed away while continuing to face 
the stimulus, and repeated her enantion dis- 

play until she turned away and groomed. 

Longevity: Adults are long lived; 20 vir- 

gin females caged separately lived an av- 

erage of 103 + 6 (range, 61-162) days in 

the laboratory. Under insectary conditions, 
another series of 11 females lived 42 + 5 

(range 22-78) days; whereas, eight males 

lived 39 + 12 (range, 21-54) days. 

Seasonal history.—Procecidochares _fla- 

vipes is multivoltine, like several other ol- 

igophagous, nongallicolous Tephritidae in 

southern California, e.g. Neaspilota virides- 

cens Quisenberry (Goeden and Headrick 

1992), Neotephritis finalis (Loew) (Goeden 

et al. 1987), Trupanea bisetosa (Coquillett) 

(Cavender and Goeden 1982), T. californica 

Malloch (Headrick and Goeden 1991), and 

Paracantha gentilis Hering (Headrick and 

Goeden 1990b). It reproduces in a succes- 

sion of spring-blooming (Brickellia arguta 
and B. oblongifolia) and fall-blooming As- 
teraceae (B. californicum and B. deserto- 

rum), along with several species of 7rupa- 

nea (Goeden 1985, 1992). Both the summer 

and winter are passed as sexually immature, 

long-lived adults, probably in riparian hab- 

itats, 1.e. canyons and washes on desert mar- 

gins, mountain meadows, and stream mar- 

gins, waiting for a resumption of flowering 

by its alternate hosts, again, in the manner 

of other native, nongallicolous Tephritidae 
in California (Cavender and Goeden 1982, 

Goeden et al. 1987, Headrick and Goeden 
1990b, 1991, Goeden and Headrick 1992). 

There are at least two generations each year, 

an F, produced in spring and F, in the fall 

on the alternate hosts identified above, and 

possibly an additional generation in late 

spring, summer, or early fall on these or 

other species of Brickellia as yet undetected. 

We hypothesize that the crop is adapted 

as a water storage organ in P. flavipes and 

other tephritids that exhibit similar, long- 

lived, life cycles in California, e.g. 7rupanea 

conjuncta (Goeden 1987), Paracantha gen- 

tilis (Headrick and Goeden 1990b). Long 

periods without rainfall are characteristic of 

southern California’s climate. By using the 

crop as a water-storage organ, P. flavipes 

adults may drink when opportunity allows 

as they overwinter or oversummer until their 

host plants are again in a stage suitable for 

Oviposition. Because adults copulated 

readily after emergence in laboratory cag- 

ings, we assume that field populations also 

are capable of the same. Thus, overwintered 

or oversummered females begin oviposi- 

tion after the maturation of their reproduc- 

tive organs, which we suggest 1s tied to the 

phenology of their host plants. A following 

report will discuss the evolution and ad- 

aptation of the crop in the Tephritidae 

(Headrick and Goeden, unpublished data). 

Natural enemies.—Three species of chal- 

cidoid Hymenoptera were identified as par- 

asitoids of P. flavipes. A solitary, primary, 
larval-pupal parasitoid, Eurytoma sp. (Eu- 

rytomidae), was reared from puparia of both 

P. flavipes and Trupanea spp. from heads 

of B. oblongifolia, where it was the principal 

parasitoid. Eurytoma sp. was not recovered 



VOLUME 96, NUMBER 2 

from P. flavipes in heads of B. californica, 
where, instead, Pteromalus sp. (Pteromali- 

dae) was its principal primary, solitary, par- 

asitoid reared from larva and puparia. The 

third parasitoid was Colotrechnus ignotus 
Burks (Eupelmidae) a few of which were 

reared as solitary, primary, ectoparasitoids 

of the young larvae of P. flavipes and Tru- 
panea spp. in heads of B. oblongifolia. 

CONCLUSION 

The lack of gall formation by P. flavipes, 
its distinctive host preferences for Brickellia 

spp., the substantial morphological differ- 

ences that distinguish its eggs, larvae, and 

puparia from those of the two other species 

of Procecidochares studied to a comparable 

degree in California (Silverman and Goeden 

1980, Green et al. 1993), the posterior or- 

bital bristles (reduced but present) and bi- 

colored pterostigma of the adults noted as 

unique for North American Procecido- 

chares by Foote et al. (1993), and our un- 

published research on other species of Pro- 

cecidochares all strongly suggest that this 

species is unique among North American 

species of Procecidochares, and may at some 

future date warrant its removal to a separate 

genus. 
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Abstract. — Life history and reproductive behavior of the Aciurina trixa Curran (Diptera: 

Tephritidae) on a new host plant subspecies, Chrysothamnus nauseosus hololeucus (As- 

teraceae) 1s described from a two-year study. Eggs are laid on axillary buds formed in the 

previous year. After egg hatch, larval feeding induces a spheroid gall. The larva feeds on 

the innermost gall tissue while the gall continues to grow until the third larval instar 

pupates. Sex ratios were female-biased (1989—1.00:1.49; 1990—1.00:1.17). Wing move- 

ments and auditory signals were observed during courtship and in agonistic encounters 

with siblings. Courtship and mating averaged 104 min (1 SE + 38 min) and 159 min (1 

SE + 7 min), respectively. Soon after emergence and mating, females started searching 
for oviposition sites. Our data are compared with other 4. trixa populations attacking 

other subspecies of rabbitbrush in Idaho and New Mexico. 

Key Words: Aciurina, Asteraceae, Chrysothamnus, courtship, insect behavior, insect 

galls, life history, mating behavior, Tephritidae 

Aciurina species (Diptera: Tephritidae) 

form galls on plants in the family Astera- 

ceae. The primary hosts are in the genus 
Chrysothamnus but hosts also include Ar- 

temisia, Baccharis, Gutierrezia, Haplopap- 

pus, Solidago, Bebbia, and Senecio (Foote 
and Blanc 1963, Wasbauer 1972, Steyskal 

1984, Dodson and George 1986). At least 

12 species of Aciurina occur throughout the 
western United States and northern Mexico 

(Wasbauer 1972, Steyskal 1984). However, 

the genus may be larger due to the presence 
of several sibling species. For example, two 

morphs of 4. bigeloviae were separated into 

two distinct species, 4. bigeloviae (Cocke- 
rell) and 4. trixa Curran, on the basis of 

genetic evidence, gall morphology, host plant 
subspecies selection, mating behavior, and 

life history parameters (Dodson and George 

1986). 

This paper describes life history param- 

eters, courtship, and mating behavior of A. 

trixa on a new host subspecies of rabbit- 

brush, Chrysothamnus nauseosus hololeu- 

cus, in northern Arizona. This study is part 

of a larger study on female preference and 

larval performance of galling insects and the 

adaptive significance of gall formation (see 

Price et al. 1986, 1987, Fernandes and Price 

1988, 1991, 1992). 

MATERIAL AND METHODS 

Field observations were carried out be- 

tween 1987 and 1990 along Schultz Pass 

Road, 2.4 km north of Highway I-89 (ele- 

vation: 2440 m), near Flagstaff, Coconino 
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County, Arizona. Galls were collected 

weekly during the period of gall develop- 
ment, and every other month for the re- 

mainder of the year. Some were used for 

rearing the gallers and their parasitoids, and 
some were opened to observe the internal 

gall, and the development of the inhabi- 

tants. 
Adult behavior was observed during day- 

light hours in the field and in the laboratory. 

The cylindrical, nylon-mesh, field cages used 

(1.0 m diameter by 1.3 m height) allowed 
penetration of > 80% of full sunlight. Adults 

released into the field cages were reared in 

the laboratory from galls collected in the 
field from 15 to 30 May 1988. Courtship 

and mating behavior were observed by plac- 

ing pairs of flies in 100 x 15 mm plastic 

Petri dishes. A 9 mm, circular opening in 
the lids, covered with nylon mesh, allowed 

air circulation. Branches of the host plant 

were placed inside the dishes as a substrate. 

Flies were kept in the laboratory at ambient 

temperature, relative humidity, and pho- 

toperiod. When copulation occurred, the 

pair was observed until they uncoupled. Ob- 

servations were carried out between 07:45 

and 21:07 hours on 7 dates between 5 June 

and 23 June 1988. Durations of mating ac- 

tivities were recorded to the nearest minute. 

Female fecundity was inferred in 1989 

and 1990 by dissecting females and count- 

ing their egg load 72 h after emerging from 

galls. We tested whether female fecundity 

(i.e. egg load) was correlated with gall size 

using a simple linear regression test (Zar 

1984). 

RESULTS AND DISCUSSION 

Host plants and galls. —Aciurina trixa in- 

duces bud galls on C. n. hololeucus in Ari- 
zona. The other host subspecies for 4. trixa 

are: C. n. latisquameus, C. n. albicaulis, C. 
n. consimilis and C. parryi (Wangberg 1981, 

Dodson 1987a, b). Despite the co-occur- 

rence of C. n. consimilis at our study site, 
we did not observe A. trixa galls on this 

rabbitbrush subspecies. In addition, mated 

females caged with C. n. consimilis (n = 5) 

could not be induced to oviposit on this 

subspecies. When placed on C. n. hololeu- 
cus, these individuals immediately walked 
up and down the plant stem in search of 

Oviposition sites. 

Our observations support the findings of 

Dodson and George (1986) that A. trixa in- 

duces smooth galls on plants with tomen- 
tum (gray rabbitbrushes), whereas 4. bige- 

loviae induces hairy galls on green 

rabbitbrushes. Unlike Wangberg’s (1981) 
findings of A. trixa galls on C. n. consimilis 

(a green rabbitbrush) in Idaho, we did not 

observe A. trixa galls on this host subspe- 

cies. Nevertheless, the association of Aci- 

urina spp. with their specific or subspecific 

Chrysothamnus host plants is not clear 

(Wangberg 1981). This may be due in part 

to the enormous variation in Chrysotham- 
nus. There are at least 16 species and sub- 

species of rabbitbrush, and 22 subspecies of 

C. nauseosus (Anderson 1986a, b, Mc- 

Arthur and Meyer 1987), and hybridization 

between subspecies may occur (GWF, pers. 

observ.). 
Feeding behavior and life history.—The 

life history of A. trixa populations in Ari- 

zona is similar to populations in New Mex- 

ico (Dodson 1987b) and Idaho (Wangberg 

1981). Eggs are oviposited on axillary buds 

formed in the previous year (Fig. 1A). Only 

one egg is laid on each bud, so galls occur 

singly, and only one larva is found per gall. 

After hatching, the larva induces an ellip- 

soid growth on the opposite side of the stem 

from where the egg was laid (Fig. 1 B). Short- 
ly after, a spheroid gall develops from the 

axillary bud where the egg was deposited 
(Fig. 1C). First and probably second larval 

instars are believed to feed inside the stem 
(Wangberg 1981, Benbow and Foster 1982, 

Dodson 1987b). After further development 

of the gall, the larva tunnels in, perhaps be- 

cause of food depletion in the stem (Wang- 

berg 1981, Fig. 1D). The ellipsoid swelling 

on the stem is left filled with frass. Gall 

growth continues until November, as larvae 
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Fig, 1. 

for oviposition sites (axillary buds), where egg was laid. b) After hatching, first-instar induces an ellipsoid growth 

on the opposite side of the stem from where the egg was laid. The larva feeds on the innermost tissue of this 

swelling. c) Later, a spheroid growth develops from the axillary bud where the egg was deposited. d) After filling 

the ellipsoid stem growth with frass, the larva moves to the spheroid stem gall. Larvae feed on the innermost 

gall tissues and the gall continues to grow until larval pupation. e) Adults emerge from galls in mid-April. (See 

text for additional information.) 

feed on the innermost gall tissue. Larvae 
stop feeding at this time and return to the 

base of the gall to overwinter. Dormancy is 

broken at the end of January after which 

larvae again resume feeding. Third instars 
excavate an exit tunnel reaching the external 
wall at the top of the gall. A thin layer of 

tissue separates the gall chamber from the 

exterior. At this time, some individuals exit 
the gall. No pupation occurs and all these 

303 

Life cycle of A. trixa on C. n. hololeucus in northern Arizona. a) Soon after mating, females search 

individuals die on the ground. Tunnel ex- 

cavation was also observed in December, 

indicating plasticity in larval development. 

After excavating the exit tunnel, third in- 

stars return to the base of the gall to pupate 

(Fig. 1D), and they subsequently emerge as 

adults (Fig. 1E). Shortly after emergence, 
reproductive behavior begins. After mating, 

females begin selecting sites for oviposition. 

Adults were observed in the field from the 
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Fig. 2. Stages in the development of 4. friva, and their duration and timing. For each stage, the greatest 

width of the diamond indicates that all individuals have reached that stage. The apices indicate first and last 

individuals found in that stage. 

beginning of April in 1990 to the beginning 

of June 1990. The occurrence of the various 
life instars in the field is shown in Fig. 2. 

Galls of A. trixa on C. n. hololeucus are 

generally green, spheroid, glabrous, and one- 

chambered, with one larva per gall. Galls 

have three distinct tissue layers with larval 

feeding on the two innermost layers. The 

third layer is resinous and covers the exter- 

nal gall walls, which have an irregular pat- 

tern of tightly appressed hairs giving the ap- 

pearance of sutures on the gall surface (see 

also Dodson 1987b). Galls averaged 6.31 

mm (1 SE + 0.74, n = 306) in 1989 and 

6.35 mm (1 SE + 0.07, n = 140) in 1990. 

Wangberg (1981) described four gall mor- 

phology types, each associated with three 

subspecies of C. nauseosus. The subspecies 

C. n. albicaulis had two different gall col- 
orations: (a) pale, white, gray, and (b) dark 

green, often with purple hues. We observed 

galls ranging from gray to dark green with 

purple hues, and from smooth and spherical 

to pear shaped with some wall protuber- 

ances. Protuberances were apparently caused 

by emerging leaves. Nevertheless, we never 

observed completely formed leaves emerg- 

ing from gall tissue. Galls with wall protu- 

berances were more common on vigorously 

growing plants, perhaps indicating that the 

gall makers had less control on plant growth 

and metabolism. 

Sex ratios were 1.00:1.49 in 1989, and 

1.00:1.17 in 1990. The A. trixa populations 

studied were protandrous, with peak male 

emergence occurring about 3-5 days before 

peak female emergence [male: 20.9 d (1 SE 

+ 0.7, n = 61); female: 25.0 d (1 SE + 1.0, 

n = 41); t test = 3.444, P < 0.0005]. New 

Mexico populations studied by Dodson and 

George (1986) and Dodson (1987b) were 

also protandrous. 

Mating and oviposition were observed as 

adults appeared in the field. Flies were ob- 

served between 6:00 h in the morning and 

0:45 min after sunset. Like many other te- 

phritids, these flies are very alert visually. 

Females often terminated oviposition when 

bothered by other arthropods, especially 

ants, which were major predators on galling 

larvae. Adult flies were frequently seen 

probing stems of the host plant with their 
mouthparts, but we do not know if feeding 

occurred. 

Female fecundity was negatively corre- 
lated with gall size in 1989 but positively 

correlated in 1990 (1989 regression equa- 

tion: y = 157.304 — 8.551x, F, ,., r? = 0.17, 
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P < 0.05; 1990 regression equation: y = 0.1 

+ 15 1xok 745,02 = 0.21, P = 0:01): Further, 
only 17% and 21% of the variation in female 

egg load was explained by gall size. This 

discrepancy may be the result of different 

sample sizes between years. 

The diameter of galls in which larvae sur- 

vived was not significantly larger than the 

diameter of those with parasitized larvae (f 

test, P > 0.05 for 1989 and 1990). In 1989, 
non-parasitized galls averaged 6.47 mm (1 

SE + 0.07, n = 102) in diameter, whereas 

parasitized galls averaged 6.55 mm (1 SE + 

0.13, n = 53); and in 1990, non-parasitized 

galls averaged 6.33 mm (1 SE + 0.07, n = 

90) in diameter, whereas parasitized galls 

averaged 6.43 mm (1 SE + 0.15, n = 45). 
Many studies have shown higher parasitism 

and/or inquilinism rates on smaller galls 

compared to larger galls (e.g. Redfern and 

Cameron 1978, Jones 1983, Stille 1984, 

Weis et al. 1985, Price and Clancy 1986, 

Lichter et al. 1990), yet others have shown 

the opposite (e.g. Shorthouse 1980, Short- 

house et al. 1990). Nevertheless, parasites 

may interfere with the normal pattern of gall 

growth by killing the host larva before full 

development, or by feeding on gall tissue 

after killing the host larva. The latter makes 
parasitized galls larger than unparasitized 

galls (e.g. Shorthouse 1973, 1980, Fer- 

nandes et al. 1987, Shorthouse et al. 1990). 

Male and female flies emerged from galls 
of different sizes. Galls from which females 
emerged were significantly larger than galls 

from which males emerged [1989: female: 
6.94 mm (1 SE + 0.11, n = 41); male: 6.16 

mm (1 SE + 0.07, n = 61); t test = 6.061; 

P < 0.0001; 1990: female = 6.59 mm (1 SE 

+ 0.98, n = 51); male: 5.97 mm (1 SE + 

0.84, n = 39); t test = 4.761; P < 0.0001]. 

Gall size was not an important factor in 

the fly life span. There was no relationship 

between life span of the insect and gall size 
for either sex (r? = 0.00 in both cases). Fur- 

ther, there were no significant differences in 

male and female life spans for the galls col- 

lected in the field [male: 12.6 d (1 SE + 0.7, 
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n = 42); female: 10.5 d (1 SE + 0.6, n = 

29); t test, P > 0.05]. 

Mating behavior.—Mating behavior in 

the Tephritidae has been reported for many 

species (e.g. Tauber and Tauber 1967, Pro- 

kopy and Bush 1973, Batra 1979, Prokopy 

and Hendrichs 1979, Freidberg 1981, 1982, 

Dodson 1982, Burk 1983, Goeden 1990a, 
b, Headrick and Goeden 1990, Jenkins 

1990), including A. trixa on different host 
plants in Idaho and New Mexico (Wangberg 

1981, Dodson 1987b). 

In tephritids, courtship behavior includes 

prominent displays of wings, ambulatory 

displays, pheromone release, trophallaxis, 

and auditory signals (Burk 1981, Dodson 

1987b). In addition to wing displays, we 

observed auditory signals during courtship 

and during some agonistic encounters with 

siblings. “Slow signals,” “wing fanning,” 

“wing flicking,” “wing thrusting,” and “wing 
waving” (Fig. 1-6 in Jenkins 1990) were 

observed for A. trixa during courtship. Wing 

thrusting was also observed during encoun- 

ters between 4. trixa and other arthropods. 

Wing movements in tephritids may be re- 

lated to directing sex pheromone toward fe- 

males, directing male odor toward intruders 

(Piper 1976, Jenkins 1990 and references 

therein), and producing sounds (Sivinsky et 

al. 1984). 
Before and during courtship, males rubbed 

their hind legs against their abdominal pleu- 

ra and then rubbed their wings. Jenkins 

(1990) argued that this activity may transfer 

odor from the pleura to the wings where it 

can then be dispersed by wing flicking (see 

also Nation 1972). 

After spotting a male, females generally 

waved their wings (“advertising behavior,” 
Dodson 1987b). Wing movements were 

more frequent on windy days. Males moved 
slowly until reaching the female. Males nev- 

er flew to females, but rather walked slowly 

along stems to approach females from be- 

hind. Some females left a stem or plant 

without being approached. Dodson (1987b) 

reported the same behavior for New Mexico 
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populations. Frequently, males and females 

assumed a position perpendicular to the 

stem for a few seconds, then returned back 

to an upright position on the stem. Males 

climbed or leaped onto the female’s poste- 

rior and then attempted to “‘leglock” her 

legs (see Dodson 1987b). During copula- 

tion, the female’s wings stay semi-opened 

and the male’s head is positioned between 

the female’s wings. The male’s wings stayed 

closed during copulation. The pair generally 

stayed motionless on the substrate, leaving 

(walking) only if bothered by other arthro- 

pods. In the laboratory, courtship averaged 

104 min (1 SE + 38, n = 32), and mating 

averaged 159 min (1 SE + 7 min, n = 32). 

The life history of A. trixa is very similar 

to other gall inducing Aciurina species. 
However, the formation of the “‘stem gall” 

during the first, and perhaps second, larval 

instars, and a second bud gall where larvae 

terminate development is somewhat unusu- 

al among galling insects. 

Aciurina trixa use a wide spectrum of dis- 

plays during courtship. Courtship behavior 

is rich 1n tephritids and is a potential source 

for comparative data (Jenkins 1990), which 

may aid in the separation of the Aciurina 

species complex. 
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Abstract.— Xylophagus durango, new species, is described from Durango, Mexico, the 

first report of the genus from south of the United States. Webb’s (1979) phylogenetic 

treatment of Xyv/ophagus is evaluated. 

Key Words: 

The genus Yy/ophagus Meigen is known 

from the Palaearctic [13 species (Krivoshei- 

na and Mamaev 1988)] and Nearctic [7 spe- 

cies (Webb 1979)] Regions. A total of 19 

species is known, with one species, X. cinc- 

tus (De Geer) being Holarctic. The genus 

has not been previously recorded from south 

of the United States, with the southernmost 

localities being in southern California, Mis- 

sissippi, and Georgia (Webb 1979). The dis- 

covery of the new species described here 

from Durango, Mexico, extends the known 

range of the genus southward approximate- 

ly 650 miles (about 1050 kilometers). 

Xylophagus durango, NEw SPEciES 

Type material.—The holotype male, 

housed at the Canadian National Col- 

lection, Ottawa, is labeled: “MEXICO: 

Durango 24 Mi. W La Ciudad 7000 feet 
12 August 1964 W. R. M. Mason/HOLO- 
TYPE ¢ Xylophagus durango N. E. Wood- 

ley.” The specimen was mounted from al- 

cohol in July 1991 after hardening in ethyl 

acetate. It is in excellent condition, missing 

only the tarsus on the right hind leg. The 

abdomen beyond the seventh segment is 

macerated and preserved in a microvial with 

glycerin on the specimen pin. 

Diptera, Xylophagidae, new species, Mexico, phylogeny 

Diagnosis.— Xy/ophagus durango differs 
from other species in the genus in having 

an extremely narrow alula, narrower than 

the width of the base of vein A,. In Webb’s 
(1979) key it runs to couplet 4, which dif- 

ferentiates between Y. /ugens Loew and _ X. 

cinctus (De Geer). Both of these species have 

predominantly yellow fore coxae, so ¥. du- 
rango can be separated from them imme- 

diately because of its dark front coxae. Ad- 

ditionally, Yy/ophagus durango differs from 

X. lugens in having a more slender form, 

the postsutural lateral margins of the scu- 
tum tomentose, and the posterior margin of 

the katepisternum and the entire meron to- 

mentose. Males of XY. /ugens have more ex- 

tensive and conspicuous pale yellow col- 

oration on the legs and have the frons and 

face markedly narrowed from the ocelli to 
the oral margin. Yy/ophagus cinctus also has 

predominantly yellow legs in males, es- 

pecially the coxae and femora. 
Description. — Ma/e: Coloration black ex- 

cept as noted below. Head (Figs. 1-2) with 

frontal bare spot and upper face laterally 

under tomentum yellowish brown; frons and 

face nearly parallel-sided in anterior view, 

the inner eye margins converging very 

slightly toward oral margin, frons 0.26 width 
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of head at anterior ocellus, fronto-facial re- 

gion at antennal sockets slightly prominent; 

upper frons with pale gray tomentum of 

moderate density, ocellar tubercle subshin- 

ing, very thin tomentum present along mar- 

gins of frontal bare spot, dense tomentum 
present around antennal sockets, vaguely 

darker lateral to antennae than below, nar- 

rowing ventrally on face toward eye mar- 

gins; occiput with gray tomentum of mod- 

erate density, with vertex and narrow, 

irregular eye margins bare and shiny; vertex, 

occiput, and genae with whitish pilosity, 

longest on genae, a few of the hairs near 

upper eye margins dark; antennae short, 0.87 

length of head, ratio of segments (scape: 
pedicel : [flagellomeres]) 12:5:[7:3:3:3:3:3: 

7], scape with length/width ratio 1.7, sev- 

enth flagellomere composed of fused 7+ 8; 

scape and pedicel with short dark hairs; palpi 

with ratio of segments 15:17, second seg- 

ment moderately clavate with dark velvety 

vestiture, both segments with pale pilosity; 

proboscis brownish yellow. Thorax with 

postpronotal lobes and postalar calli yellow- 

ish brown, some pleural areas somewhat 

brownish (especially propleuron and anep- 

imeron), katepimeron dull yellowish; scu- 

tum mostly whitish gray tomentose except 

for presutural lateral margins and a narrow 
wedge anterior to scutellum, the tomentum 

evenly distributed except slightly denser 

along two faint discal vittae; scutellum to- 
mentose except along margin; pleura to- 

mentose except for propleuron, anepister- 

num except for extreme ventral margin, 
anterior two-thirds of katepisternum, and 

most of anepimeron bare and shiny; scutum 

and scutellum with short, inconspicuous 
hairs, mostly pale; tomentose areas of pleu- 

ra pale pilose except posterior portion of 

katepisternum, entire meron, and central 

portion of mediotergite without hairs; coxae 
brownish, evenly set with whitish tomen- 

tum, pale pilosity present on anterior sur- 

faces, short and sparse on posterior coxa; 

hind coxa without anterior tubercle; front 

and mid femora dark brownish, extreme 
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ends yellowish, hind femur yellowish at base, 
grading to brownish near middle becoming 

dark brownish apically; front and mid tibiae 

narrowly yellowish basally (especially ven- 

trally), remainder dark brown, hind tibia 

yellowish, dorsal surface more brownish, 
apex dark brown; all tarsi with first and sec- 

ond segments yellowish, vaguely darkened 

at apices, third segments with basal halves 

yellowish, apically brownish, fourth and fifth 

tarsomeres dark brownish; legs with uni- 

formly short, inconspicuous, mostly pale pi- 

losity; wing with basal region narrow, alula 

extremely narrow, linear, narrower than 

width of base of vein A,; wing primarily 

clear, pterostigma dark brown, cell r, 

brownish beyond origin of vein R,,,, and 

slight brownish infuscation present near r-m 

and base of discal cell; halter with stem 

brownish, knob whitish with a brown spot 

near base on ventral side. Abdomen slender, 

with very narrow lateral and posterior mar- 

gins of tergites and posterior margins of ster- 

nites dirty yellow, tergites with sparse gray- 

ish tomentum dorsally, becoming somewhat 

narrowed posteriorly on tergites 2, 3, and 4 

so that margins appear quite shiny; sternites 

primarily without tomentum, but 5, 6, and 

7 with sparse tomentum: entire abdomen 

with short, sparse yellowish hairs, segment 

one with longer, more whitish hairs. Male 

terminalia with epandrium (Fig. 3) simple, 

posterior margin evenly rounded, extending 

Over posterior segments and most of cerci; 

ventral component of hypopygium as in Fig. 

4, similar to other congeners, ejaculatory 

apodeme (endophallus of Webb 1979) with 

anterior margin truncate in dorsal view. 
Length 9.3 mm. 

Female: Unknown. 

Etymology.—The specific epithet is a 

noun in apposition, based on the Mexican 

state in which the type locality is located. 

Remarks. — Male terminalia have not been 

utilized extensively in characterizing the 

species of XYylophagus. The differences be- 

tween species are subtle compared to those 

found in many other Diptera. Hennig (1976: 
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Figs. 1-4. Features of Yylophagus durango. 1, head of holotype male, left lateral view. 2, anterior view 

showing distribution of tomentum, antennae removed. 3, epandrium and proctiger, dorsal view. 4, hypopygium, 

dorsal view (epandrium and proctiger removed). Abbreviations: cer, cercus; ea, ejaculatory apodeme; /yp, 

hypoproct; sps, sperm sac; subs, subepandrial sclerite. 

Figs. 45-46) provided very useful illustra- 

tions showing the complex structures of the 
aedeagus and associated parameral sheath 

for X. ater Meigen. The spatial relationships 

are the same in other species I have ex- 

amined. 

I made an attempt to determine the cla- 

distic relationships between XY. durango and 

other members of Xylophagus, hoping to 
utilize the only published phylogeny (Webb 

1979) as a basis. Webb’s work was based 

primarily on Nearctic species, with only se- 
lected Palaearctic species included. I found 

it difficult to score some of the characters 
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utilized by Webb to construct his cladogram 

in X. durango, especially as all of the char- 

acters were not outlined in his list. A cri- 

tique of his work is provided below, as it 

was found to be inadequate as a basis with 

which to deal with additional species of Xy- 

lophagus in a cladistic context. 
Webb (1979) presented a ‘“‘phylogenetic 

diagram” (1979: Fig. 1) for the Nearctic spe- 

cies of Xylophagus as well as 5 Palaearctic 
species for which he had material. He pro- 

vided a list of 12 characters with their pro- 

posed plesiomorphic and apomorphic states, 

but the figured tree, which had the apo- 
morphic states indicated at their supposed 

origins, contained 15 characters. 
Upon examination of all the species seen 

by Webb, I believe that some of the char- 

acters he utilized are trivial, particularly 

characters 5 (general pilosity of mesothorax) 
and 9 (position of end of vein R, at the wing 

margin) which show very little difference 

between states. I cannot see any difference 

between the genae of males and females of 

X. cinctus, which are coded as different 

(characters 11, 12; I have not seen males of 

X. fulgidus Webb, which was coded simi- 
larly). Despite this implied sexual dimor- 

phism, no mention is made of the genae in 

the descriptions of the females of X. cinctus 

and X. fulgidus. For character 3, it appears 

that the polarity of the states should be re- 

versed in Webb’s list, since those species 

with a long antennal scape are treated as 

apomorphic for character 3 on Webb’s tree 

(X. fulgidus, X. ater, X. decorus Williston, 
and_¥. reflectens Walker). Additionally, this 
character has been miscoded for Y. mat- 

sumurai Miyatake on Webb’s tree, as it also 

has a long antennal scape [it 1s stated to be 

very similar to X. reflectens by Webb (1979: 
514); lexamined X¥. matsumurai to confirm 

this feature]. 

Webb determined his character state po- 

larities by “comparing the situation in more 
primitive Diptera and Mecoptera’”’ (1979: 

490). I feel that a more rigorous outgroup 

analysis is required to validate these polar- 
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ity decisions. Certainly the Mecoptera are a 
poor choice for this analysis, as this order 

may not even be the sister group to the Dip- 

tera as a whole (Wood and Borkent 1989). 

Based on the character distributions on 

Webb’s Fig. 1, I put the data in matrix form 

and reanalyzed it using Hennig86 (Farris 

1988). No attempt was made to reevaluate 

or otherwise recode the character data. The 

tree was rooted by including a hypothetical 

outgroup taxon with all characters coded as 

plesiomorphic. Analysis by the implicit 

enumeration algorithm resulted in a single 

tree (Fig. 5). This tree (length = 25, ci = 60, 

ti = 79) was considerably different from that 
presented by Webb, which was purported 

to be that with “the least number of con- 
vergent origins of the apomorphic alterna- 

tives” (1979: 490). I rearranged the topol- 

ogy of the Hennig86 tree using the Dos Equis 

feature of the program to obtain Webb’s 

tree. This was then diagnosed and found to 

be 10 steps longer than the actual shortest 

tree (length = 35, ci = 42, ri = 59). Clearly, 
a 10 step difference between these trees in- 

dicates that there are many that are shorter 
than that given by Webb. It should be em- 
phasized here that I do not believe either 

tree accurately reflects the actual evolution- 

ary history of Xylophagus, but the tree I 
obtained by Hennig86 analysis is the most 

parsimonious one based on Webb’s char- 

acter data. 

Webb recognized the subgenera Yy/opha- 

gus sen. str. and Archimyia Enderlein solely 

on the basis of the elongated antennal scape 
(1979: 498, 512; his character 3). Other re- 

cent authors have discounted the proposed 

subgenera (Nagatomi and Saigusa 1969, 

Krivosheina and Mamaev 1972, 1988). I 

feel that the length of the antennal scape is 
not discretely divisible when all species of 

Xylophagus are considered. If one accepts 
Webb’s character data, but recodes X. mat- 

sumuraias having a long antennal scape (see 

above), the tree topology in Fig. 5 does not 
change, merely the tree statistics (length = 
26, cl = 57, ri = 78). The character diagnosis 
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of this tree indicates that the elongate scape 

evolved independently in X. mastumurai 

and XY. decorus + X. reflectens + X. fulgidus 

+ X. ater. Clearly, acceptance of subgenera 

in Xylophagus based on this antennal char- 

acter is unwarranted. On a more pragmatic 

level, in a genus with such a small number 
of species that are very similar in general 

appearance, recognition of subgenera would 

seem merely to make the generic nomen- 

clature more burdensome. 
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ALYDUS CALCARATUS IN NORTH AMERICA (HEMIPTERA: ALYDIDAE) 
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(CWS) Department of Ecology and Evolutionary Biology, University of Connecticut, 
U-43, Storrs, Connecticut 06269-3043; (JCS) Department of Entomology, Texas A&M 

University, College Station, Texas 77843. 

Abstract. —The Nearctic A/ydus pluto Uhler is synonymized with the Palearctic Alydus 
calcaratus (L.), and the New World range of the species extended some 1500 miles 

eastward, into Québec. A lectotype is designated for A/ydus pluto. Characters to distinguish 

New World 4. calcaratus from the similar New World species, A. tomentosus Fracker 

and 4. eurinus Say, are discussed and figured. 4. ftomentosus is recorded from Arizona, 

and A. pilosulus Herrich-Schaeffer from New Mexico, both for the first time. 

Key Words: 

Alydus calcaratus (L.) is a northern Pa- 

learctic species whose range extends as far 

east as Siberia (Vinokurov 1979) and China 

(Zheng, pers. commun.). What has been 

considered another species, 4. p/uto Uhler, 

occurs in the northwestern Nearctic (Alaska 

south into the transmontane American 
west), east into Saskatchewan (Schaffner 

1964, Froeschner 1988) and now into Que- 

bec (see below). Schaffner, in an unpub- 

lished dissertation (1964), synonymized the 

two species; and Schaefer has independently 

confirmed this synonymy. 

In his dissertation, Schaffner (1964) dis- 

cussed A. calcaratus and A. pluto in detail. 

He noted that the Palearctic 4. calcaratus 

varies considerably in size (male: 9.35-11.00 

mm: female: 11.00-—13.00 mm), color (dark 

brown to black), and degree of vestiture. 4. 

pluto falls within these ranges, and its male 

and female genitalia closely resemble those 

of A. calcaratus, and are unlike those of any 
other A/ydus species, except A. zichyi Hor- 

vath, of China. 
One problem remains: In 1953 Sailer 

identified as 4. calcaratus several specimens 

of A/ydus from Alaska south into the United 

Alydus, Nearctic, Palearctic, synonymy, range extension 

States. He did so because they did not re- 

semble ‘“‘any of the species recognized by 

Fracker [1918] as occurring in North Amer- 

ica.”’ Fracker included 4. p/uto in his paper, 
and clearly Sailer believed his specimens to 
differ. One of us (JCS) examined nearly 350 

North American specimens under both spe- 

cies names, and several European 4. cal- 

caratus, and determined the two species to 

be the same (Schaffner 1964). CWS has ex- 

amined the genitalia of Old World speci- 
mens and specimens studied by Sailer (at 

the U.S. National Museum), with these re- 

sults: 

The male genitalia ofan Alydus calcaratus 
from the Belgorod Region of Russia are 

identical (in paramere, surcapsular spine, 

and the cuplike sclerite’s extension) with the 

genitalia of several specimens determined 
by Sailer (1953) to be A. calcaratus. The 

genitalia are identical also with those of a 

specimen from Dilley, Oregon, studied by 

Fracker (1918) as A. pluto. 

Similarly, the female genitalia of an Al- 
ydus calcaratus from Xin-jiang, China, and 

another from England, are very similar to 

those of several North American specimens 
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examined by Sailer (1953) and determined 

by him as A. calcaratus. The genitalia are 
very close also to specimens from Dilley, 

Oregon, apparently not seen by Fracker but 

of the same series as the male he studied 

(same label data and all from the H. G. 

Barber Collection; Fracker comments that 

he got his Dilley, Oregon specimen “from 

Mr. Barber’’). 

We conclude that the A/ydus calcaratus 

of Sailer is conspecific with the A/ydus pluto 
of Fracker. Perhaps in thinking they were 

distinct, Sailer was misled by Fracker’s fig- 
ures, which are not wholly accurate. 

Alydus calcaratus (Linnaeus) 
Cimex calcaratus Linnaeus, 1758, p. 

450 (orig. descr.) 

Lygaeus calcaratus; Fabricius, 1798, p. 
541 (note) 

Lygaeus tibialis Fabricius, 1798, p. 451 
(orig. descr.) 

Alydus calcaratus; Fabricius, 1803, p. 

251-252 (descr.) 

Alydus tibialis Fabricius, 1803, p. 252 
(descr.) 

Alydus hirsutus Kolenati, 1845, p. 64 
(orig. descr.) 

Alydus atratus Motschulsky, 1859, p. 
502 (orig. descr.) 

Alydus tibialis; Stal, 1868, p. 65-66 

(syn.) 
Alydus pluto Uhler, 1872, p. 401-402 

(orig. descr.) NEw SYNONYMY 

Alydus atratus; Reuter, 1888, p. 535 

(syn.) 
Alydus hirsutus; Reuter, 1888, p. 535 

(syn.) 

Diagnosis.—The form of the male and 

female external genitalia, and the rounded 

posterior pronotal angles, distinguish A/y- 

dus calcaratus from all other Palearctic A/- 

ydus. The dark color (dark fuscous to black) 
of A. calcaratus, and the characters dis- 
cussed below, will distinguish it from other 
Nearctic species. 

Distribution.—Western Canada and 
Québec (see below), Alaska and northwest- 
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ern United States east into Wyoming and 

south (via mountains) into the American 

southwest. Northern Europe from Great 

Britain east into Yakutia and south into the 
Peoples’ Republic of China. 

Until recently, Alydus calcaratus was re- 
corded no further east in the New World 
than Saskatchewan (Schaffner 1964). How- 

ever, in the University of Minnesota col- 

lection is a female A. calcaratus collected in 

August, 1922 (by William E. Hoffmann) in 

Cook County, Minnesota. More recently, 

four specimens (1 male, 3 females) were col- 

lected in Moisie, Québec, near the mouth 

of the St. Lawrence River: a range extension 

(from Saskatchewan) of some 1500-1800 

miles. These specimens were collected (by 

Claude Chantal) two years apart, in August, 

1989, and August, 1991, which suggests that 

the species is established here. The host 

plant(s) is not known. In the Palearctic, A/- 

ydus calcaratus feeds on legumes (Vinoku- 
rov 1979), like other members of the Alyd- 

inae (Schaefer 1980). 

Alydus calcaratus is thus recognized as a 
Holarctic species, largely restricted to the 

north. It arose perhaps in the Palearctic and 

arrived in the New World via Beringia. It 

shares this transboreal distribution with 

several mirid species (Wheeler and Henry 

1992), some rhopalids (Stictopleurus) 

(Schaefer 1993), and certainly other insect 

species. 

Uhler (1872) described Alydus pluto from 

specimens collected in Colorado; Ross Fork, 

Idaho; Louisiana; and Kansas. Schaffner 

(1964) believed the Louisiana specimen cer- 

tainly, and probably the Kansas specimen 

as well, are not A. pluto (he had seen nei- 

ther), because of their localities (see below). 

Schaffner did study the Idaho specimen, and 

Schaefer has seen the Colorado specimen. 

Both are A. pluto. The Colorado specimen 

bears a red type label with “No. 686”; ad- 

ditional labels are 1) Col.; 2) Smith; 3) P. 

R. Uhler Collection. We designate this male 

specimen from Colorado the lectotype of 

Alydus pluto Uhler. 
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The closest relatives of A/ydus calcaratus 

are A. zichyi and A. tomentosus Fracker 

(Schaffner 1964). The first species occurs in 

China, and differs from both the others in 

its angulate posterior pronotal corners. J. 

tomentosus 1s found in the southwestern 

United States (but one record from South 

Dakota) south into Guatemala (Schaffner 

1964), a distribution generally more south- 

ern than that of 4. calcaratus. The two spe- 
cies Overlap in the American southwest. In 

material from the Cornell Collection, CWS 
finds two large (13.5 mm) nearly black fe- 
male A. calcaratus from Socorro Co., New 

Mexico, and two dark males from Larimer 

Co., Colorado. Significantly, both locales are 
high (7000 ft and 6000 ft, respectively), 
which suggests these bugs live in an “alti- 

tudinally northern”’ habitat. 

According to Fracker (1918), the fourth 

antennal segment of 4. tomentosus 1s longer 

than the second and third combined, but 

shorter in A. pluto (= A. calcaratus). But 

Schaffner (1964) finds that this is not always 

so: in A. tomentosus the fourth segment may 

be longer or shorter than, or equal to, the 

second plus the third. 4. calcaratus differs 

from A. tomentosus in having a row of short, 
dark, recumbent setae along the apical half 

of the hind tibia’s anterior surface. How- 

ever, because the row is irregular and the 

setae often obscure, this character is not so 
useful as those of the genitalia. 

Alydus eurinus Say, which occurs 

throughout the Nearctic, is another dark ro- 

bust species sometimes confused with A. 

_——EEEEE | 

1.0mm 

Border of male’s genital capsule, ventral view. A. Alydus calcaratus, B. Alydus tomentosus, C. Alydus 

calcaratus (as A. pluto in Fracker 1918). In- 

deed, from its locale, the Louisiana speci- 

men referred to by Uhler (1872) is almost 

certainly 4. eurinus. In the A. eurinus female 

the valvulae lack fingerlike processes, nor 

are the male’s parameres parallel to each 

other in caudal view; both features char- 

acterize A. calcaratus and A. tomentosus. 

The three species can be easily distin- 

guished by features of the male’s genital cap- 

sule: 
Alydus calcaratus: In ventral view, the 

projections of the lateral rim are obtuse; and 
the cuplike sclerite can be seen projecting 

above the ventral rim and narrowing sud- 

denly to a needlelike extension (Fig. 1A). 

(Note: we do not find the slight expansion 

shown by Fracker [1918, Fig. 2] at the base 

of this extension.) The surcapsular spines 

(dorsal surface) bear 2—3 small teeth sub- 

terminally on their lateral surfaces, and the 
spines’ tips are hooked. (In some specimens 

there may be another small lateral tooth 

along the surcapsular spine; this small tooth 

may occur on one spine and not on the oth- 

er.) 

Alydus tomentosus: In ventral view, the 

projections of the lateral rim are broad and 

low; and the cuplike sclerite is only slightly 

visible (Fig. 1B). The surcapsular spines 

(dorsal surface) bear laterally a single large 

subterminal tooth, and the spines’ tips are 

simple. 

Alydus eurinus: In ventral view, the pro- 
jections of the lateral rim are broader than 
in A. calcaratus, and not so low as in A. 
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tomentosus, and cuplike sclerite is visible 

and not narrowed as in A. calcaratus (Fig. 
1C). The surcapsular spines (dorsal surface) 

bear laterally a large tooth halfway along 
their lengths, and the spines’ tips are only 
slightly hooked. 

New RECORDS FOR OTHER 

SPECIES OF ALYDUS 

The material from Cornell University al- 

lows these new state records: 

Alydus tomentosus Fracker: Arizona, Co- 

chise Co. (Froeschner 1988 records from 

Colorado) 
Alydus_ pilosulus Herrich-Schaeffer: New 

Mexico, Bernalillo Co. (Froeschner 1988 

records from many other states, including 
Texas) 
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Abstract. —The following changes are made to align membracid classification with cur- 
rent taxonomic concepts and rules of nomenclature: Disconotus Striimpel is referred from 

Leptocentrini to Microcentrini and /ria Stal from Nessorhinini to Heteronotini, new 

generic placements; Anchistrotus Buckton is reinstated from synonymy under Heliodore; 
Heliodore Stal is replaced in synonymy under Omolon Walker; Anchonomonoides, new 

genus, 1s described (by reference); and Ananthasubramanianum, Evansiana, Todea, and 

Colisicostata are proposed as new replacement names for Paranotus Ananthasubramanian, 

Kurandella Evans, Richteria Tode, and Walkeria Tode, respectively. New species com- 

binations are published for the generic changes listed above, for the type species of Chel- 
yoidea Buckton, and for two species of 7riophus Boulard described originally under an 

unavailable generic name. 

Key Words: 

The following changes are meant to cor- 

rect membracid classification with respect 

to some taxa that were misidentified pre- 

viously, some names that are invalid as ju- 

nior homonyms or unavailable for lack of 

type species, and basic rules of nomencla- 

ture (International Commission on Zoolog- 

ical Nomenclature, 1985 [ICZN]). The 

changes involve the treehopper subfamilies 
Centrotinae, Heteronotinae, Nessorhini- 

nae, Smiliinae, and Stegaspidinae. Metcalf 

and Wade (1963, 1965) provided literature 

references for the original descriptions of 

the membracid genera and species de- 

scribed before 1956. 

Subfamily Centrotinae 

Incertae Sedis 

Evansiana, New NAME 

Evansiana, nomen novum for Kurandella 

Evans, 1966: 298, preoccupied by Ku- 

randella Fennah, 1950. Type species: 

Acanthuchus iasis Kirkaldy 

Insecta, Homoptera, Membracoidea, Membracidae, treehopper 

Evansiana iasis (Kirkaldy), New Combina- 

tion 

Acanthuchus iasis Kirkaldy, 1907: 90 

A feminine latinization of “Evans” is 

proposed to replace his monobasic genus 

Kurandella, which is a junior homonym of 

an achilid genus (Fulgoroidea). Evans (1966) 

intentionally left Kurandella unplaced with- 

in Centrotinae. 

Tribe Centrotini 

Anchonomonoides, NEw GENUS 

Anchonomones Capener, 1972, nomen nu- 

dum (ICZN Art. 13b) 

Anchonomonoides, New Genus. Type spe- 

cies: Anchonomones expansus Capener 
Anchonomonoides expansus (Capener), New 

Combination 

Anchonomones expansus Capener, 1972: 

43 

Anchonomonoides modestus (Capener), New 

Combination 
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Anchonomones modestus Capener, 1972: 

43 

Capener (1972) neglected to designate, in 

the sense of any provision of Article 68 
(ICZN), a type species for the genus An- 

chonomones. The indication “gen. et sp. n.”” 
in his figure caption of A. expansus is not 

sufficient for type fixation in works pub- 

lished after 1930 [ICZN Art. 68b(i)]. Con- 

sequently, Anchonomones 1s unavailable and 

a new genus is needed for the two originally 
included species, whose names are still 

available [ICZN Art. 11 h(ii1)(1)]. The new 

genus Anchonomonoides is proposed, with 

features as described for Anchonomones Ca- 
pener, 1972:42, with type species Anchon- 

omones expansus Capener, 1972, and also 

with the species Anchonomones modestus 

Capener, 1972. This establishment con- 
forms to ICZN Articles 13a(ii) and 13b. 

Tribe Leptocentrini 

Ananthasubramanianum, NEw NAME 

Ananthasubramanianum, nomen noyum for 

Paranotus Ananthasubramanian, 1980: 

119, preoccupied by Paranotus Karsch, 

1890. Type species: Paranotus tomen- 

tosus Ananthasubramanian 

Ananthasubramanianum tomentosus (An- 

anthasubramanian), New Combination 

Paranotus tomentosus Ananthasubra- 

manian, 1980: 120 

A masculine latinization of ‘“Anantha- 

subramanian”’ is proposed to replace his 

monobasic genus Paranotus, which is a ju- 

nior homonym of a flatid genus (Fulgoroi- 
dea). 

Trioxiphus Boulard, 1979 

Trioxyphus Boulard, 1977, nomen nudum 

(ICZN Art. 13b) 
Trioxiphus Boulard, 1979 [dated 1978]. 

Type species by original designation: 
Trioxiphus giganteus Boulard, 1979 

Trioxiphus mabokiensis (Boulard), New 

Combination 
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Trioxyphus mabokiensis Boulard, 1977: 40 
Trioxiphus reductispinus (Boulard), New 

Combination 

Trioxyphus reductispinus Boulard, 1977: 41 

A misordered sequence of publication af- 

fects the valid names of two species. Bou- 

lard (1977) described Trioxyphus mabok- 

iensis and T. reductispinus, but the generic 

name 7rioxyphus is unavailable for lack of 

a type species (ICZN Arts. 13b and 68). The 

generic description, including type species 

designation, appeared later (Boulard 1979 

[dated 1978]), but with the spelling Triox- 

iphus. Because the names of the first two 

species are still available [ICZN Art. 

11h(Qaii)(1)], they can be referred from 77ri- 

oxyphus Boulard, 1977, nomen nudum, to 

the genus Trioxiphus Boulard, 1979. 

Subfamily Heteronotinae 

Tribe Heteronotini 

Anchistrotus Buckton, 1902, REVISED 

STATUS 

Boulard (1983) implicitly placed Helio- 

dore and Anchistrotus in synonymy by in- 
correctly considering their type species, H. 

laportei (Germar) (as a synonym of Anchi- 

strotus maculatus [Guérin-Méneville]) and 
A. obesus Buckton, to be congeneric. The 

younger generic name, Anchistrotus, was 
considered valid, but nevertheless thereby 

became a junior synonym in need of rein- 

statement. No new combinations result from 

the earlier synonymy or this reinstatement 

because no Anchistrotus species have since 

been combined with the name Heliodore. 
The generic synonymy, which was uninten- 

tional (Boulard, pers. comm.), is rejected, 

but the intentional species synonymy be- 

tween H. laportei and A. maculatus is ac- 
cepted (see below, under Omolon). 

Tria Stal, 1867 

Tria Stal, 1867, referred from Nessorhini- 

nae: Nessorhinini, New Placement 

Deitz (1975) placed the genus /ria in Nes- 

sorhinini based on a specimen collected by 
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C. C. Gowdey in Jamaica that resides in the 

United States National Museum of Natural 
History (Washington, D.C.) and which was 

misidentified by W. D. Funkhouser as the 

type species, J. carinata (Walker). The ho- 

lotype of J. carinata (The Natural History 

Museum, London, England [BMNH)]) be- 

longs to Heteronotini (sensu Deitz 1975) be- 

cause it has a concealed scutellum, simple 

metathoracic tibiae with three longitudinal 

rows of cucullate setae, and an exposed fore- 

wing with one r-m and one m-cu crossvein 

and an obliquely truncate clavus. /ria may 

prove to be a synonym of the heteronotine 

genus Smiliorachis Fairmaire. All the spe- 

cies of Jria listed by Metcalf and Wade 

(1965) should remain in that genus until 

their proper placements are determined. The 

type locality, Guadeloupe, of J. lethierryi 

Funkhouser (a replacement name for Dar- 

noides carinata Lethierry) suggests that it 

may be allied to the specimen examined by 

Deitz (1975); both specimens therefore merit 

further study in the context of the subfamily 

Nessorhininae. 

Omolon Walker, 1862 

Heliodore Stal, 1867, Reinstated Synonymy 
Omoloncarinatus (Guérin-Méneville), New 

Combination 

Combophora carinata Guérin-Meéneville, 

1844: 366 

Omolon seabrai (Sakakibara), New Com- 

bination 

Heliodore seabrai Sakakibara, 1968: 309 

Omolon incongruus (Walker), Reinstated 

Combination 

Combophora incongrua Walker, 1858: 

340 

Omolon laporti (Germar), Reinstated Com- 

bination 

Combophora laporti Germar, 1835: 253 

Combophora maculata Guérin-Méne- 

ville, 1844: 366; Boulard (1983) [as 

Anchistrotus maculatus (Guérin- 

Meneville)] 

Deitz (1975) suspected that Omolon and 

Heliodore were congeneric. Butler’s (1878) 
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synonymy of the two had been rejected by 

Goding (1926: 310) and Funkhouser (1951: 

99) because they believed that Omolon had 

the pronotum unicarinate rather than tn- 

carinate as in H. /aporti, the type species of 

Heliodore. The pronotum of O. tridens 
Walker (holotype BMNH), which is the type 

species of Omolon, is also anteriorly tricar- 

inate, corroborating Butler’s synonymy. The 
other species formerly in Heliodore, namely 

O. incongrua (lectotype BMNH) and O. se- 

abrai, are also tricarinate. 

Subfamily Smiliinae 

Tribe Tragopini 

Chelyoidea Buckton, 1902 

Chelyoidea aenea (Perty), New Combina- 

tion 

Darnis aenea Perty, 1833: 179 

Tragopa nitida Germar, 1835: 309 
Chelyoidea nitida Buckton, 1902: 156, 

preoccupied by Tragopa nitida Ger- 
mar 

Tragopa bucktoni Funkhouser, 1927: 172, 
nomen noyvum for C. nitida Buckton 

The valid name for the type species of 

Chelyoidea Buckton needs clarification. 

Tode (1966) reinstated Chelyoidea and list- 

ed its type species, C. nitida Buckton, 1902, 

as a valid name with two junior synonyms: 
Tragopa nitida Germar, 1835, and T. aenea 

(Perty, 1833). In 1966 the two nitida names, 

already homonyms, thereby became syn- 

onyms. The secondary junior homonym C. 

nitida Buckton is permanently invalid 

(ICZN Art. 59b) and its replacement name, 

T. bucktoni Funkhouser, 1927, competes in 

priority with its own date (ICZN Art. 60c). 

Darnis aenea Perty, 1833, has priority over 

the two other names competing in synon- 

ymy and thus Che/yoidea aenea (Perty) is 
the valid name for the type species, C. nitida 

Buckton. 

Colisicostata, NEw NAME 

Colisicostata, nomen novum for Walkeria 

Tode, 1966: 312, preoccupied by 
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Walkeria Fleming, 1823. Type species: 

Tragopa scutellaris Buckton 

Colisicostata albata (Tode), New Combi- 

nation 

Walkeria albata Tode, 1966: 314 

Colisicostata scutellaris (Buckton), New 

Combination 

Tragopa scutellaris Buckton, 1902: 156 

Todea, New NAME 

Todea, nomen novum for Richteria Tode, 

1966: 305, preoccupied by Richteria 

Girault, 1920. Type species: Richteria 

incerta Tode 

Todea cimicoides (Coquebert), New Com- 

bination 

Membracis cimicoides Coquebert, 1801: 77 

Todea incerta (Tode), New Combination 

Richteria incerta Tode, 1966: 306 

Todea jubata (Tode), New Combination 
Richteria jubata Tode, 1966: 308 

Todea peruviana (Funkhouser), New Com- 

bination 

Tragopa peruviana Funkhouser, 1927: 

Nay) 

Todea semicirculosa (Tode), New Combi- 

nation 

Richteria semicirculosa Tode, 1966: 308 

Replacement names are proposed for 

Tode’s (1966) genera Walkeria and Richter- 

ia, which are junior homonyms of a bryo- 

zoan genus and a mymarid wasp genus, re- 

spectively. The resulting new combinations 

are listed. The replacement name for Rich- 

teria 1s a feminine latinization of ‘‘Tode,” 

and the new name for Walkeria is derived 
from the Latin “‘colis,” for penis, and ‘‘cos- 

tata,” for rib-like; the central shaft and di- 

agnostic lateral projections of the aedeagus 

(Tode 1966, Figs. 53, 55) recall a vertebrate 
rib cage. 

Subfamily Stegaspidinae 

Tribe Microcentrini 

Disconotus Striimpel, 1988 

Disconotus Striimpel, 1988, referred from 
Centrotinae: Leptocentrini, New Place- 
ment 
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Strimpel and Striimpel (1988) placed the 

monotypic genus Disconotus in the tribe 

Leptocentrini (subfamily Centrotinae), fol- 

lowing Metcalf and Wade’s (1965) classifi- 

cation of the related genus Dontonodus 

Funkhouser. According to the current clas- 

sification (Deitz 1975), both genera belong 

to the tribe Microcentrini (subfamily Steg- 

aspidinae). The holotype female (Instituto 

de Zoologia Agricola, Maracay, Universi- 

dad Central de Venezuela) of Disconotus 
magnificus Strimpel, 1988, has a metatho- 

racic femur with a short distal band of cu- 

cullate setae dorsally (M. Gaiani, pers. 

comm.) and a forewing with a uniformly 

tapered and acute clavus and two m-cu 

crossveins. The paratype male (Zoologisch- 

es Institut und Zoologisches Museum, 

Universitat von Hamburg, Hamburg, Ger- 

many) agrees in all features and has a free 

lateral plate bearing a hook as in Microcen- 

trus Stal (Fig. 41b of Deitz 1975). While 

none of these features occurs in Leptocen- 

trini (Deitz 1985), they are sufficient to dis- 

tinguish Microcentrini from all other Mem- 
bracidae. 
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Abstract. —Belonura Ashmead, 1896 is synonymized with Urolepsis Walker, 1846, n. 

syn., with the only described species of Belonura transferred as Urolepsis singularis (Ash- 

mead), 1896, n. comb. Systellogaster Gahan, 1917 is raised from synonymy with 7ritneptis 

Girault, 1908, revived status, with two included species known as S. ovivora Gahan, 1917, 

revived status, and S. gahani Wallace, 1973, revived status. Four new genera of Nearctic 

Pteromalidae are described—Baridobius Heydon, n. gen. (Colotrechninae) with its in- 

cluded species, B. primulus Heydon, n. sp.; Guolina Heydon, n. gen. (Pteromalinae) with 

three included species, G. fulgida Heydon, n. sp., G. insularum Heydon, n. sp., and G. 

psenophaga Heydon, n. sp.; Lysirina Heydon, n. gen. (Pteromalinae) with its included 

species, L. polychroma Heydon, n. sp.; and Quercanus Heydon, n. gen. (Pteromalinae) 

with two included species, Q. leuteogaster Heydon, n. sp. and Q. viridigaster Heydon, n. 

sp. Baridobius species are known from Curculionidae on roots of Yanthium; Guolina and 

Quercanus are associated with gall making Cynipidae on oaks or roses. The hosts of 

Lysirina remain unknown. Keys are given for the Nearctic species of Guolina and Quer- 

canus. 
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new species 

In the course of reviewing the genera of 

the Pteromalidae in preparation for a key 

to the Nearctic genera by Z. Boucek (BMNH) 

and the author, many new genera and some 

misplacements of species of Nearctic Pte- 

romalidae were discovered. Some of these 

changes are published in Heydon and Bou- 

éek (1992) and over 30 new Nearctic pte- 

romalid genera are described in Boucek 

(1993). Four additional new genera are de- 

scribed and two changes in generic synon- 

ymy are presented herein. 

Terminology in this paper generally fol- 

lows that of Graham (1969), except that 

genal concavity is used instead of genal hol- 

low and club is used instead of clava. In 

addition, the gastral tergites are numbered 

T1-T7 beginning with the first tergite after 

the petiole. The following abbreviations are 

used: the median ocellar diameter is MOD, 
the ocellar-ocular distance is OOL, the pos- 

terior ocellar distance is POL, the lateral 

ocellar distance is LOL, the multiporous 

plate sensilla are MPP sensilla, the lower 

ocular line is LOcL, and the antennal fu- 
nicular segments are Fl through F6. The 

units of measurement given in the descrip- 
tions can be converted to millimeters by 

multiplying by 0.02. The acronyms for the 

museums from which material was bor- 
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rowed are listed in the acknowledgments 

section. 

SYNONYMY 

Research to prepare a key to the Nearctic 

genera of the Pteromalidae gave Dr. Z. Bou- 

¢ek and the author the chance to study the 

types of the genera Urolepsis Walker, 1846, 
and Belonura Ashmead, 1896. It was ob- 
served that females assigned to the two gen- 

era are very similar except for the black col- 

oration and elongate terminal gastral tergite 

of female Be/onura. Belonura is herein syn- 

onymized with Urolepsis, with the only de- 

scribed species of Belonura now known as 

Urolepsis singularis (Ashmead), 1896, n. 
comb. 

Systellogaster Gahan was described for 
the species S. ovivora Gahan, 1917. Later, 

in his treatment of the genera similar to 

Dibrachys Forster, 1856, Wallace (1973) 

added the species S. gahani. Grissell (1985) 
synonymized Systellogaster with Tritneptis 
Girault based in part on the similarity be- 

tween S. ovivora and Tritneptis scutellata 

Muesebeck, 1927. Reexamination of the 

relevant types revealed additional charac- 

ters to separate Systellogaster species from 
Tritneptis. Systellogaster species have an 

unusual condition of the marginal vein of 
the forewing in that it is slightly removed 

from the front edge of the wing. This leaves 

a short membranous strip all along the front 

margin of the wing. Relative to Tritneptis 

species other differences include a more 

elongate marginal vein (more than 3x as 

long as the stigmal vein), a more elongate 

pedicel (fully 2.5 x as long as broad in dorsal 

view), and unusual types of sculpturing (ei- 

ther dull with extremely fine reticulations 

in S. ovivora or extensively smooth in S. 

gahani). On this basis, Systellogaster Ga- 

han, 1917, revived status is herein raised 

from synonymy with Tritneptis Girault, 
1908, with its included species known as S. 

ovivora Gahan, 1917, revived status, and S. 

gahani Wallace, 1973, revived status. 

New TAXA 

Colotrechninae 

Baridobius Heydon, NEw GENus 

Type species. — Baridobius primulus Hey- 

don, 1993. 

Description. — Body color very dark, only 

weakly metallic. Body sculpture weak, al- 

most smooth. Head with oral foramen very 
broad, almost as wide as head width (Fig. 
9), clypeus with anterior margin weakly 

convex; torulus just below LOcL. Antenna 

(Fig. 1) with combined length of scape and 

pedicel less than head width in females, 

about as long as head width in males, all 

funicular segments transverse in both sexes; 
antennal formula 1:1:2:6:3; MPP sensilla in 

single row on each funicular segment; club 

simple apically. Mesosoma depressed (Fig. 

10); collar with anterior edge rounded; axilla 

advanced; scutellum with lateral face in- 

flated; frenal sulcus distinct impressed line; 

propodeum with plicae absent, spiracular 

sulci shallow, callus nearly bare, spiracle cir- 

cular; legs with hind tibia broadened and 

flattened, length only about 6x medium 
width, hind tibia with 2 apical spurs. Fore- 

wing (Fig. 2) with speculum developed, not 

margined posteriorly by setae; marginal vein 

relatively thick. Gaster sessile; in females 
relatively long (Fig. 10); with protruding 

ovipositor. 

The characteristic advanced axillae and 

laterally inflated scutellum place Baridobius 

in the Colotrechninae. Unique characters of 

Baridobius within the subfamily include the 
very broad oral foramen, the non-metallic 

coloration, and the depressed body. 
Etymology.—The generic name is an ar- 

bitrary combination of letters based on the 
generic name of the only known host of Bar- 
idobius species. The gender is masculine. 

Baridobius primulus Heydon, 

New SPECIES 

igs le Oe 10 

Description.—Holotype, female. Color: 
Head, mesosoma bluish black; gaster dark 
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Figs. 1-8. Baridobius primulus, female. 1, Antenna. 2, Forewing. Guolina insularum, female. 3, Gaster. 4, 

Antenna. Guolina psenophaga, female. 5, Gaster. 6, Antenna. Guolina fulgida, female. 7, Antenna. Guolina 

psenophaga, female. 8, Forewing. 

reddish brown. Antenna dark reddish brown 

with scape paler in basal '2. Legs with coxae, 

femora dark reddish brown; tibiae, tarsi 

brownish yellow. Wings hyaline, with veins 

pale brown. 
Sculpture: Clypeus smooth over anterior 

Ys, finely coriaceous over remainder (Fig. 9). 

Sculpture of head, mesosoma, gaster weak, 

coriaceous (Fig. 10); propodeum with de- 

pressed median area smooth, remainder co- 

riaceous. 
Structure: Body length 1.6 mm. Head (Fig. 

9) width 1.1 x height (23:20), 2.5 length 

(23:10); eye height 1.5 < length (10.5:7.0), 

2.3 malar distance (10.5:4.5), eye length 

2.3 x temple length (7.0:3.0); ratio of MOD, 
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Figs. 9-12. 

ophaga, female. 11, Whole body. Quercanus luteogaster, female. 12, Head and mesosoma. 

OOL, POL, LOL as 2.0:4.0:6.0:2.5. Anten- 

na (Fig. 1) with length of pedicel plus fla- 

gellum 0.87 head width (20:23); relative 

lengths of scape, pedicel, anelli, Fl1—6, club 

as’ 91023-0271 7021952155:2:0:220:220:210:5.0: 

relative widths of Fl, F6, club as 3.0:3.0: 

4.0; 1st anellus minute, 2 width of 2nd anel- 

lus. Mesosoma length 1.4 width (27:20); 

propodeum with shallow median depres- 

sion which is narrow anteriorly but broad- 

ened posteriorly (Fig. 10). Forewing (Fig. 2) 

length 2.3 = width (55:24); relative lengths 

of submarginal, marginal, postmarginal, 
stigmal vein as 19.0:12.0:6.0:3.0; stigma 

hemispherical. Gaster length 2.2 width 

(46:21), 1.3 x combined length of head and 

mesosoma (46:36); hypopygium extending 

’> length of gaster. 

Allotype, male.—Similar to holotype ex- 

cept: tibiae dark like femora. Body length 

1.1 mm. Antenna with length of pedicel plus 

flagellum 0.97 x head width (17.5:18.0), rel- 

Baridobius primulus, female. 9, Head, anterior view. 10, Mesosoma and gaster. Guolina psen- 

ative lengths of scape, pedicel, anelli, Fl-6, 

clubias. 1 0:320 7120s Sal Ones alesse ales 

5.0; relative widths of Fl, F6, club as 2.0: 

2.5:3.5; flagellum with setae short and dense, 
appearing pilose. Gaster length 1.6 x width 

(26:16); aedeagus exceptionally long. 

Variation.—The body length of females 

examined varied from 1.6 to 1.9 mm; Bar- 

idobius primulus is relatively uniform in ap- 

pearance otherwise. 

Type material.—The holotype, allotype 

(both USNM) and 4 female and | male 

paratypes (BMNH, USNM) were collect- 

ed at Eaglenest, Minnesota on 20 August 

1958 by W. V. Balduf. Three other female 

paratypes were collected as follows 

(UCDC, USNM). ARIZONA: Continental, 

31.VII.1966, 1 2? KANSAS: Clark Co., 
11.1933 (reared from Baris callida), | 2°; 

Meade Co., II.1933 (reared from Baris cal- 

lida), 1 8. 
Etymology.—The species name is from 
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the Latin word primus, meaning first, and 
refers to the fact that this is the first de- 
scribed species of Baridobius. 

Biology.—The two paratype specimens 

from Kansas were reared from Baris callida 

Casey (Coleoptera: Curculionidae). Larvae 

of this weevil feed in the stems of cocklebur 
[Xanthium Asteraceae)], burrowing down 

toward the root where they then pupate 

(Blatchley and Leng 1916). 

Pteromalinae 

Guolina Heydon, NEw GENus 

Type species. —Guolina fulgida Heydon, 

1994. 
Description.— Body color dark to bright 

metallic. Body sculpture delicate but dis- 

tinct; alveolae of mesoscutum and head ex- 

ceptionally large and round, distinctly larger 

than alveolae of scutellum (Fig. 11); upper 

mesepimeron smooth. Head in anterior view 

broadly ovate, with oral foramen relatively 

wide, anterior margin of clypeus with broad 

but slightly to almost imperceptibly pro- 

duced truncate median portion which is al- 

most straight mesally:; face with striae only 
in immedate vicinity of clypeus; gena con- 

vex above mandibles; toruli below center of 

head, just above LOcL; occiput lacking ca- 

rina. Antenna with 2 anelli and 6 funicular 

segments; pedicel slender; flagellum filiform 

to weakly clavate (Figs. 4, 6, 7); Fl at most 

as wide as pedicel; MPP sensilla in single 

row on each funicular segment; club lacking 

large patch of micropilosity. Mesosoma with 

pronotum rather narrow (plane of prepectus 
nearly at right angles to that of mesopleu- 

ron), neck very short, with short horizontal 

collar which lacks anterior transverse carina 

(Fig. 11); notauli incomplete; scutellum 

broadly abutting mesoscutum; frenal area 

demarcated by area of distinct texture; pro- 

podeum with more or less well developed 

median carina, plicae only weakly devel- 

oped, spiracles short ovate and about their 

own longest diameter from metanotum, nu- 

cha weakly developed convex lunate region. 

Gaster sessile, at most as long as combined 
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length of head and mesosoma, broadly 

ovate; hind margin of T1 straight (Figs. 3, 
5). Forewing (Fig. 8) with well developed 

speculum which is not bounded by setae 

posteriorly; postmarginal vein longer than 

stigmal vein; stigmal vein nearly as long as 

marginal vein. Hind leg with coxa bare dor- 

sally; tibia with one apical spur. 

A distinguishing combination of charac- 
ters for Guolina includes the head broadly 

ovate in anterior view, the clypeus being 

nearly straight across, the delicate and round 
reticulation of the head and mesoscutum 

(Fig. 11), the slender and filiform antenna 

(Figs. 4, 6, 7), the relatively narrow pro- 

notum, the propodeum with nucha and pli- 

cae only weakly developed (Fig. 11), and 

the spiracles round to shortly ovate and | x 

their own diameter from the anterior mar- 

gin of the propodeum. 

Two other pteromalid genera found on 

the same oaks in central California resemble 

Guolina rather closely. Cecidostiba differs 
in having the reticulation of the head and 
mesoscutum relatively coarse and dense, and 

a nucha that is triangular and is bordered 

anteriorly by a sharp edge (see illustration 
in Bouéek and Rasplus 1990, electroscan 

photograph 63). Amphidocius Dzhanokmen 

is also similar but Amphidocius differs in 

the female antenna, which has only eight 
segments between the pedicel and club, and 

in having the marginal vein short and thick 

(see fig. 13 in Heydon and Bouéek 1992). 
Guolina might be confused with small 

species of Pteromalus Swederus, but Pte- 

romalus species are more coarsely alveolate 
with the alveolae of the mesocutum rela- 

tively smaller and irregular in outline, have 

the genae almost straight and the oral fo- 
ramen narrower, the anterior margin of the 

clypeus distinctly truncate and usually with 

a distinct median emargination, the flagel- 

lum of the antenna almost always broader 

than the pedicel, and the spiracle distinctly 

ovate and at the anterior margin of the pro- 

podeum touching the metanotum. 

Etymology. — Guolina is named in honor 

of Guo Lin for her years of dedicated service 
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here in the Bohart Museum. The gender is 
feminine. 

Biology.—All three known species of 

Guolina are probably associated with Cy- 

nipidae on oaks. 

Key TO SPECIES OF GUOLINA HEYDON 

1. Color of vertex and dorsum of mesosoma bril- 

liant metallic green or blue; frons with sharp 

and distinct color transition between non-me- 

tallic and metallic regions. Pale coloration of 

scape and legs yellow. Gaster usually more or 

less yellow. Clypeus with anterior margin near- 

ly/straightiacross! -.....5:-.. . G. fulgida Heydon 

— Color of vertex and dorsum of mesosoma me- 

tallic green or blue, but not brilliantly shining; 

frons either uniformly metallic (G. insularum) 

or transition between non-metallic and metal- 

lic coloration relatively gradual. Scape and legs 

either mostly metallic or with pale coloration 

greyish yellow or more whitish. Gaster brown 

or metallic green. Clypeus slightly truncate with 

truncation weakly concave medially ......... 2 

2. Species larger, body length more than 2.1 mm. 

Sculpture of head and mesoscutum raised re- 

ticulate. Mesoscutum with conspicuous, dark, 

erect setae. Female pedicel and flagellum lon- 

ger than head width; funicle with all segments 

distinctly longer than wide (Fig. 4). Female gas- 

ter length more than 1.5 width (Fig. 3) 

ricaterhelc mines Seer Shae Seka . G. insularum Heydon 

— Species smaller, body length less than 2.0 mm. 

Sculpture of head and mesoscutum delicate and 

only weakly elevated (Fig. 11). Mesoscutum 

with scattered short, thin, pale setae. Female 

pedicel and flagellum shorter than head width; 

funicle with at least terminal two segments 

quadrate (Fig. 6). Female gaster length usually 

1.5 or less times as long as wide (Fig. 5) 

_G. psenophaga Heydon 

Guolina fulgida Heydon, 

NEw SPECIES 

Fig. 7 

Description.— Holotype, female. Color: 

Head and mesosoma black except upper !/2 

of frons, vertex, mesoscutum, scutellum, 

propodeum brilliant metallic blue-green (the 

boundary between the black and metallic 

regions sharp); gaster black with T1-2, lat- 

eral parts of T3-4 yellow. Antenna with 

scape yellow, pedicel yellow except black 

dorsally; flagellum brownish yellow. Legs 
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with coxae dark brown, remainder yellow. 

Forewing with veins brownish yellow; re- 

gion between basal vein and stigma faintly 

yellow. 

Sculpture: Clypeus, lateral areas of lower 

face to toruli strigulate; remainder of head 

weakly raised reticulate; mesoscutum reg- 

ularly and delicately alveolate; scutellum 

more minutely alveolate; propodeum with 

median panels weakly alveolate. 

Structure: Body length 1.6 mm. Head 

width 1.2 x height (30:25), 2.0 x length (30: 

15); clypeus with anterior margin nearly 

straight across; eye height 1.4 length (15: 

11), 1.9 malar distance (15:8), eye length 

3.7 temple length (11:3); torulus located 

just above LOcL; ratio of MOD, OOL, POL, 

LOLas 2.0:3.5:7.0:4.0. Antenna with length 

of pedicel plus flagellum 0.93 x head width 

(28:30); relative lengths of scape, pedicel, 

anelli, flagellum, club as 13.0:4.0:1.0:2.0:3.0: 

2.5:2.5:3.0:2.5:7.0; relative widths of Fl, F6, 

club as 1.5:2.0:3.0; flagellum weakly cla- 
vate; funicular segments all appearing elon- 

gate (Fig. 7), with hairs reclinate and very 

fine so antenna appears almost naked. Me- 

sosoma length 1.3 x width (31:24); dorsum 

of mesoscutum with setae pale and sparse 

sO appearing almost bare; propodeum with 

median carina present and plicae strong in 

median ' only. Forewing with relative 

lengths of submarginal, marginal, postmar- 
ginal, stigmal vein as 26:1 1:11:14; costal cell 

with | complete row, partial second row of 
setae in apical 13; basal cell bare: basal vein 

with | seta on left wing, none on right. Gas- 
ter length 1.2 x width (36:29), 0.82 = com- 

bined length of head and mesosoma (36:44); 

hypopygium extending 0.4 x length of gas- 

ter (16:36). 

Male.— Unknown. 

Variation.—Body length of females ex- 

amined varied from 1.2 to 2.0 mm. Guolina 

fulgida shows considerable variation in col- 

or. The body color varies from blue-green, 
as in the type, to bright blue. Coloration of 

the gaster also varies from almost entirely 

yellow, to some that have the yellow areas 
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restricted to diffuse longitudinal areas down 

the lateral sides of the gaster, to the gaster 
entirely metallic. Six of the 11 examined 

females had a dark brown band around the 
base of the femora. The female from Rock- 
lin, California, had the dark band covering 

almost the entire basal half of the femur. 

The same is true of the antennal scape—the 

type has the scape entirely yellow and non- 

metallic while others have a very dark band 

around the apical end. The female from 

Rocklin has almost the entire apical end of 

the scape dark. 

Type material.—Holotype (UCDC) and 

one female paratype (UCDC) were collected 

off blue oak at G. L. Stebbins Cold Creek 

Reserve, 11 km w. Winters, California 
(USA) on 13 July 1991 by the author. Ten 

other paratypes were collected as follows 

(BMNH, UCDC, USNM): United States. 
CALIFORNIA: 5 miles w. Madison, em. 

18.111.1967 (emerged from Quercus sp.? 

twigs), 1 2, em. 19.III.1967 (emerged from 

Quercus sp. twigs), 1 2; Rocklin, 1.V.1962, 
1 2; Stebbins Cold Canyon Reserve, 11 km 
w. Winters, 13.VI.1991 (off blue oak), 1 9, 

4.VIII.1991 (off blue oak), 1 2, 18. VIII.1990, 
4 9: 4 km w. Winters (on Highway 128), 
13.V1.1991 (off oak), 1 2. 

Etymology.—The species name comes 

from the Latin word fu/gidus, meaning shin- 

ing or gleaming, and refers to the bright col- 

oration of the body in this species. 
Biology.—The insect host of G. fulgida 

remains unknown. Most of the specimens 

collected from the inner side of the coast 
range west of Winters, California, were taken 

by the author by sweeping blue oak (Quercus 

douglassi Hooker and Arnott). The speci- 
mens from west of Madison emerged from 

the twigs of an undetermined Quercus sp. 

Guolina insularum Heydon, 

New SPECIES 

Figs. 3, 4 

Description.— Holotype, female. Color: 

Body dark blue with dorsum of mesosoma 
more green, basal *%4 of Tl green. Antenna 
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with scape dark brown; remainder brown 

except apical ' of pedicel brownish yellow. 

Legs with femora and middle tibia brown, 

but with ends brownish yellow; foretibia pale 
brown but brownish yellow at tips; hind tib- 

ia brownish yellow; fore and middle tarsi 
brownish yellow; hind tarsi cream colored. 

Forewing with veins brownish yellow, para- 

stigma reddish; membrane clear. 

Sculpture: Clypeus and face just laterad 
of clypeus striate; head, dorsum of meso- 

soma, median panels of propodeum raised 

reticulate; Tl smooth, remainder more or 

less coriaceous. 

Structure: Body length 2.3 mm. Head 

width 1.3 x height (38:30), 2.1 x length (38: 

18); clypeus with anterior margin slightly 

produced with this truncate portion weakly 

concave mesally; eye height 1.5 x length (19: 

13), 1.8 malar distance (19.0:10.5), eye 

length 3.7 temple length (13.0:3.5); to- 

rulus located 1 x own diameter above LOcL; 

ratio of MOD, OOL, POL, LOL as 3.0:4.5: 

9.0:4.0. Antenna with length of pedicel plus 

flagellum 1.1 x head width (42:38); relative 

lengths of scape, pedicel, anelli, F1-6, club 

as. 17.074257175:5.024.9:4.574:0:3.9:35:9.0; 

relative widths of Fl, F6, club as 2.0:2.5: 

3.0; all funicular segments appearing dis- 

tinctly elongate (Fig. 4), with conspicuous 

reclinate hairs; MPP sensilla in single sparse 

irregular row on each segment; club with 

small patch of micropilosity on terminal 

segment. Mesosoma length 1.4 x width (54: 

33); dorsum of mesosoma with dark con- 
spicuous hairs; propodeum with median ca- 

rina present, plicae obscured mesally. Fore- 

wing with relative lengths of submarginal, 

marginal, postmarginal, stigmal veins as 37: 

17:19:12; costal cell with one complete setal 

row, 3 setal rows in apical '; basal cell bare; 

basal vein with sparse row of setae present, 

also a few setae on cubital vein below basal 

cell. Gaster length 1.8 x width (53:29) (Fig. 

3), 0.87 x combined length of head and me- 

sosoma (53:61); hypopygium extending 

0.64 length of gaster (34:53). 

Allotype, male.—Similar to holotype ex- 
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cept dorsum of mesosoma olive green, dark 

bands on tibiae less intense. Body length 1.6 

mm. Antenna with length of pedicel plus 

flagellum 1.3 x head width (45:34); relative 

lengths of scape, pedicel, anelli, F1—6, club 

as 13.0:4.0:1.0:6.0:5.0:5.0:5.0:4.5:4.0:10.0: 
widths of F1, F6, club as 2.5:2.5:2.5; MPP 

sensilla in | row extending '2—% funicular 

segment length; funicle with setae long, 

moderately dense, projecting at 45° angle. 
Gaster length 2.4 width (41:17). 

Variation.—The body length of females 

examined varied from 2.3 to 2.5 mm: the 

body length of the paratype male measured 

the same as the allotype. This species shows 

little variation and the specimens examined 

closely resemble the holotype and allotype. 

Type material.—The holotype (UCDC), 

allotype (UCDC) and 2 female and | male 

paratypes emerged in November 1968, from 

galls on Quercus dumosa collected in the 

Canada del Medio on Santa Cruz Island 

(Santa Barbara County, California, USA) 

(UCDC, USNM). The Davis collection also 

contains an additional 2 female paratypes 

with the same data except they emerged in 

October. 

Etymology.— The species name, from the 

Latin word insularum meaning insular, re- 

fers to the fact that this species is so far only 

known from the Channel Islands off the 

southern California coast. 

Biology.—The specimens of the type se- 

ries all emerged in the fall from a gall on 
California scrub oak, Quercus dumosa Nut- 

tall. 

Guolina psenophaga Heydon, 

NEw SPECIES 

Pigs:.55.6:18,, ll 

Holotype, female.—Color: Head, meso- 

soma purplish black except upper ' of frons, 

vertex, dorsum of mesosoma dark bluish 
green; gaster dark reddish brown with dark 

bluish green reflections on T1, 6-7 and lat- 

eral parts of T2—5. Antenna yellow brown 

except scape with dark brown band extend- 

ing over middle '2, pedicel brown dorsally. 

Legs yellow-brown except basal % of fore 

and middle femur dark brown, weaker 

brown bands present on fore and middle 

tibiae. Forewing with veins brown except 

prestigma and stigmal vein more reddish; 

membrane clear. 

Sculpture: Clypeus and lateral regions of 

face striate; remainder of head, mesoscu- 
tum, scutellum delicately raised reticulate 
(Fig. 11); propodeum weakly alveolate. 

Structure: Body length 1.4 mm. Head 

width 1.3 x height (28:22), 2.2 x length (28: 
13); clypeus with anterior margin slightly 

truncate with truncation weakly concave 

mesally; eye height 1.4= length (13.0:9.5), 
1.7x malar distance (13.0:7.5), eye length 

3.8 x temple length (9.5:2.5); torulus locat- 

ed just above LOcL; ratio of MOD, OOL, 
POL, LOL as 2.0:4.5:7.0:3.0. Antenna with 

length of pedicel plus flagellum 0.93 x head 

width (26:28); relative lengths of scape, ped- 

icel, anelli, Fl-7, club as 11.0:3.0:1.0:2.0: 

2.5:2.5:2.5:2.5:2.5:7.0; relative widths of F1, 

F6, clubas 1.5:2.5:3.0; flagellum slightly but 

distinctly clubbed; Fl-4 elongate, F5-6 

quadrate (Fig. 6), with sparse reclinate hairs; 

MPP sensilla in 1 row per segment, 2-3 vis- 

ible per segment in lateral view. Mesosoma 

length 1.2 x width (28.0:22.5); mesoscutum 

with scattered, short, thin, pale sestae; pro- 

podeum with median carina almost absent 

and plicae obscured mesally. Forewing with 
relative lengths of submarginal, marginal, 

postmarginal, stigmal veins as 23:11:13:8 
(Fig. 8); basal cell with 1 seta on right wing; 
basal vein setose. Gaster length 1.3 x width 

(31.0:24.5) (Fig. 5), 0.82 x combined length 

of head plus mesosoma (31:38) (Fig. 11); 

hypopygium extending 0.52 x length of gas- 

ter (16:31). 

Allotype, male.—Similar to holotype ex- 

cept scape brown with weak metallic blue 

reflections on basal '; hind femur mostly 

brown like fore and middle femur. Body 

length 1.1 mm. Antenna with length of ped- 

icel plus flagellum 1.2 head width (27.0: 

22.5); relative lengths of scape, pedicel, 
anelli, Fl—6, club as 9.0:3.0:1.0:2.5:2.5:3.0: 
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3.0:3.0:3.0:7.0; relative widths of Fl, F6, 
club as 2.0:2.0:2.0; MPP sensilla sparse, only 

1 visible per segment in lateral view; setae 

sparse, long, semierect; basal club segment 

nearly free from the others; gaster length 

2.2 width (22:10). 
Variation.— The metallic body color var- 

ies from bluish green to blue. As in G. ful- 

gida, there is more variation in the amount 

of dark pigment on the legs than is typical 

for other species of Pteromalidae. In a few 

females, the dark bands on the femora are 

faint and lacking on the tibiae. Others have 
dark bands on all the femora and tibiae. In 
the males, the bands on the femora are more 

consistent, but their expression on the tibiae 

is variable. 

Type material.—Holotype and allo- 

type (both UCDC) and an additional 7 

female and 14 male paratypes (BMNH, 

CNC, UCDC, USNM) were collected 

22.VIII.1990, in G. L. Stebbins Cold Can- 
yon Reserve, 11 km w. Winters, California 

(USA) by S. L. Heydon. An additional 53 

paratypes were collected as follows (UCDC): 

United States. CALIFORNIA: Davis, 

20.11.1976 (ex Quercus lobata galls), 1 4; 5 
miles sw. Madison, em. 3.I]1.1967, 1 2; Mix 

Canyon, west of Vacaville, em. 19.XII.1967 

(Quercus lobata), | 2; Stebbins Cold Canyon 

Reserve, 11 km w. Winters, 18.VIII.1990, 
5 9, 25 6, 22.VIII.1990 [em. from Neuro- 

terus sp. (Cynipidae) galls on Quercus doug- 

lasii], 6 2, 14 4. 
Etymology.—The specific epithet comes 

from the Greek words psen, meaning gall 

insect, and phagos, meaning to eat. 

Biology.—Guolina psenophaga 1s a par- 

asitoid of the summer generation of the 
jumping gall-forming cynipid, Neuroterus 

saltatorius. Neuroterus saltatorius makes 
small peppercorn-sized galls on the bottom 

side of the leaves of either blue oak (Quercus 
douglasii) or valley oak (Quercus lobata 
Née). I reared Guolina psenophaga from 

Neuroterus on both these oak species. Guo- 

lina psenophaga is also known to me from 
Neuroterus saltatorius on Quercus garryana 
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Douglas ex Hooker on Vancouver Island, 

British Columbia (Dr. Bob Duncan, For- 

estry Canada, pers. comm.). At least in Cal- 
ifornia, there are probably several genera- 

tions per year because Guolina psenophaga 
emerges from galls throughout the summer 

and new hosts are always available. 

Quercanus Heydon, New GENUS 

Type species.—Quercanus luteogaster 
Heydon, 1994. 

Description.— Body color dark to bright 

metallic. Sculpture of head and mesosoma 

(including median panels of propodeum but 

excluding upper mesepimeron) minutely but 

coarsely alveolate (Fig. 12); upper mesepi- 

meron smooth; gaster with T1 smooth, re- 

mainder coriaceous. Head with clypeus stri- 

ate except for smooth strip along anterior 

margin; anterior margin of clypeus with me- 

dian portion broadly but weakly to almost 

imperceptibly produced and truncate, 

straight mesally (Fig. 19); face with striae 
only in immediate vicinity of clypeus; gena 

convex about mandibles; toruli below cen- 

ter of head, above LOcL; occiput lacking 
carina. Antenna in both sexes with 2 anelli 

and 6 funicular segments (Figs. 13, 16, 17); 
flagellum weakly clavate; Fl longer and at 

most slightly wider than pedicel; club of fe- 

male with or without an enlarged patch of 

micropilosity. Mesosoma with pronotal neck 

very short (Fig. 12), with short horizontal 

collar which lacks smooth anterior trans- 

verse carina (although the anterior borders 

of the sculpturing form a fine, irregular ridge 
along the anterior margin of the collar in Q. 
viridigaster), notauli incomplete; scutellum 

broadly abutting mesoscutum (Fig. 12); 
frenal area demarcated by area of distinct 

texture; propodeum with more or less well 

developed median carina, plicae only weak- 
ly developed, spiracles short ovate and about 

their own longest diameter from metano- 
tum, nucha weakly developed convex lu- 

nate region (Figs. 12, 15). Gaster sessile, at 

most as long as combined length of head 

and mesosoma (Fig. 15), broadly ovate but 
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Figs. 13-22. 
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Quercanus luteogaster, male. 13, Antenna. Quercanus viridigaster, female. 14, Head, dorsal 

view. Quercanus luteogaster, female. 15, Whole body, dorsal view. Quercanus viridigaster, male. 16, Antenna. 

Quercanus luteogaster, female. 17, Antenna. 18, Forewing. 19, Head, anterior view. Lysirina polychroma. 20, 

Forewing, female. 21, Antenna, female. 22, Antenna, male. 

acuminate at tip; hind margin of T1 straight 
(Fig. 15) or very weakly emarginate. Fore- 

wing with well developed speculum which 

is not bounded by setae posteriorly; post- 

marginal vein longer than stigmal vein; stig- 

mal vein nearly as long as marginal vein 

(Fig. 18). Hind leg with coxa setose dorsally 

(Fig. 12); tibia with one apical spur. 

Quercanus differs from most Nearctic 

pteromalid genera by having setae on the 
dorsal surface of the hind coxa (Fig. 12). 

Among the genera having such setae, Quer- 

canus comes phenetically closest to Dino- 

tiscus Ghesquiére with whom it shares a 

pronotum with a sharp edge between the 

neck and collar (other related genera have 

the collar more smoothly rounding into the 

neck), absence of a strongly developed con- 

vex nucha, the lack of distinct patches of 

setae on the ventrolateral side of the first 

gastral tergite, elongate funicular segments 

(Figs. 13, 16, 17), a relatively elongate post- 

marginal vein, and rather stout legs. Char- 

acters separating Quercanus from Dinotis- 

cus include the mostly striate clypeus, 

absence of a transverse carinae on the an- 

terior margin of the pronotal collar, straight 
and well developed median carina of the 

propodeum, and unenlarged stigma. Dino- 

tiscus species have a reticulate clypeus, a 
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transverse carina on the anterior margin of 

the pronotal collar, a less well developed 

median carina of the propodeum, and usu- 

ally an enlarged stigma. The host relations 

also differ because Quercanus species are 
known from galls and Dinotiscus species are 

parasitoids of bark beetles. 

Etymology.—The name is an arbitrary 

combination of letters based on the generic 
name for oak, Quercus. The gender is fem- 

inine (as 1s Quercus). 

Biology.—All host records for Quercanus 

are from Cynipidae. The only described 

species of Quercanus for which there 1s spe- 

cific host data is Q. viridigaster, which is 

known from two species of gall-making Cy- 

nipidae on oaks (Antron echinus and A. 

quercusechinus). One male, in the UCDC 

collection, of what is probably an unde- 

scribed species of Quercanus was reared 

from Diplolepis tuberculatrix (Cockerell) 

(Cynipidae) on Rosa californica Chamiso 

and Schlechtendal (Rosaceae). 

Key To NEARCTIC SPECIES OF 

QUERCANUS HEYDON 

1. Female. Body bright green; coxae and gaster 

mostly yellow. Ratio of head length to head 

width less than 2.1 (Fig. 15). Terminal club 

segment with almost no micropilosity. Male. 

Funicle with setae of basal segment semierect 

and only 7 as long as width of basal funicular 

segment (Fig. 13) Q. luteogaster Heydon 

— Female. Body dull green or blue-green; coxae 

and gaster mostly metallic dark green. Ratio 

of head length to head width more than 2.1 

(Fig. 14). Terminal club segment with distinct 

patch of micropilosity on its ventral side. Male. 

Funicle with setae of basal segment more erect 

and as long as width of basal funicular segment 

(Bigell6), Sacco. = e.-t- _ Q. viridigaster Heydon 

Quercanus luteogaster Heydon, 

NEw SPECIES 

Figs. 13, 15, 17-19 

Description.— Holotype, female. Color: 

Head, mesosoma green; gaster mostly 

brownish yellow, but T1 with metallic green 

reflections and T6 and T7 metallic blue- 
green. Antenna with scape, pedicel brown- 
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ish yellow, pedicel slightly darker dorsally, 
flagellum brown. Legs brownish yellow ex- 

cept basal ' of hind coxa and extreme base 

of forecoxa metallic green. Forewing with 
weak brown strip along inside margin of 

stigmal vein; submarginal, stigmal veins pale 
reddish brown; marginal, postmarginal veins 

pale yellowish brown. 
Structure: Head width 1.2 x height (42.0: 

34.5) (Fig. 19), 1.9 x length (42:22) (Fig. 15); 
eye height 1.2 x length (21:17), 1.9 malar 

distance (21:11), eye length 3.8 temple 
length (17.0:4.5); torulus located about 2 x 

own diameter above LOcL; ratio of MOD, 
OOL, POL, LOL as 3.5:6.0:10.0:4.5. An- 
tenna (Fig. 17) with length of pedicel plus 
flagellum 1.2 x head width (49:42); relative 

lengths of scape, pedicel, anelli, F1-6, club 

as 19.0:6.0:2.0:6.5:6.0:5.5:5.0:5.0:4.5:10.0; 
widths of Fl, F6, club as 3.0:4.0:4.0; fla- 

gellum with setae fine, short, reclinate; club 

with small patch of micropilosity on ter- 

minal segment. Mesosoma length 1.2 
width (54:38). Forewing with length of sub- 

marginal, marginal, postmarginal, stigmal 

vein as 46:22:26:17 (Fig. 18); costal cell se- 

tose in apical 74, one setal row in basal "3. 

Gaster length 0.87 combined length of 

head plus mesosoma (60:69) (Fig. 15), 2.0 x 

width (60:30); hind margin of Tl weakly 

convex but with hind margin of T1 nearly 

straight across; hypopygium extending 

gastral length. 

Allotype, male.—Similar to holotype ex- 

cept pedicel brown dorsally; apical 4 tergites 

dark purplish black. Antenna with length of 

pedicel plus flagellum 1.4 x head width (54: 

38); relative lengths of scape, pedicel, anelli, 
F1-6, club as 16.0:5.0:2.0:8.0:7.0:6.5:6.5: 

6.0:5.5:11.0; relative widths of Fl, F6, club 

as 3:3:3; flagellar setae at 45° angle, mod- 
erately dense, length 73 width of funicular 

segments (Fig. 13). 

Variation.—Female body length varies 

from 2.2—3.3 mm. Females are usually green, 
like the holotype, but one is blue-green; 

however, the body always has a bright luster 

unlike that of Q. viridigaster. Most of the 
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dorsal surface of T4-T5 is dark brown in 2 
specimens. The brown band along the in- 

side edge of the stimal vein is present in 4 

specimens, absent in one. The ratio of head 

length to width for 5 females measured var- 

ied from 1.9 to 2.0. The ratio of pedicel plus 

flagellum length to head width of 3 female 

specimens measured varied from 1.1 to 1.2. 

Type material.—The holotype (UCDOC), 

allotype (UCDC), and 7 female and 3 male 

paratypes (BMNH, UCDC, USNM) all 

emerged in November 1967 from Quercus 

chrysolepis Leibmann (Fagaceae). They were 
reared by K. R. and M. R. Hobbs. 

Etymology.—The specific epithet comes 

from the yellow color of the female gaster. 

Biology.—The type series emerged from 

Quercus chrysolepis in November 1967, 

presumably from some cynipid gall but this 

is not stated on the label. 

Quercanus viridigaster Heydon, 
New SPECIES 

Figs. 14, 16 

Holotype, female.—Color: Head, meso- 

soma dark blue except vertex and dorsum 

of mesosoma blue-green; gaster dark red- 

dish brown, T1 and lateral parts of TS—T6 

with metallic blue-green reflections. Anten- 
na with scape, pedicel, anelli brownish yel- 

low, flagellum light brown. Legs with coxae 

dark brown with dark blue metallic reflec- 
tions; remainder yellow-brown, femora 

slightly darker than remainder. Forewing 

veins pale brown, membrane clear. 

Structure: Body length 2.3 mm. Head 

width 1.3 x height (46:36), 2.2 x length (46: 

21) (Fig. 14); eye height 1.4 length (23: 

16), 2.1x malar distance (23:11), length 

3.6 temple length (16.0:4.5); torulus lo- 

cated 2x own diameter above LOcL; ratio 

of MOD, OOL, POL, LOL as 3.5:6.0:11.0: 
5.0. Antenna with length of pedicel plus fla- 

gellum 1.0 head width (47:46); relative 

lengths of scape, pedicel, anelli, Fl-6, club 

as 20.0:5.0:2.0:6.0:6.0:5.5:5.0:5.0:4.5:9.0; 

relative widths of club as 3:4:5; micropi- 

losity in long strip down ventral side of ter- 

minal 2 club segments; setae on flagellum 

reclinate, of average length and density. Me- 

sosoma length 1.4 width (54:39). Fore- 

wing with length of submarginal, marginal, 

postmarginal, stigmal veins as 44:18:21:16; 
costal cell setose in anterior '2 of apical '/, 

with | complete row of setae. Gaster length 

0.60 combined length of head and me- 

sosoma (42:70), 1.4 width (42:30); hind 

margin of Tl weakly convex but with broad 

shallow median emargination; hypopygium 

extending % gaster length. 

Allotype, male.—Similar to holotype ex- 

cept vertex and dorsum of mesosoma dark 

green, apical '2 of T1 and all of T2 brownish 

yellow; legs paler, almost yellow. Body length 

2.0 mm. Antenna with length of pedicel plus 

flagellum 1.4 head width (55.5:40.0); rel- 

ative lengths of scape, pedicel, anelli, Fl—6, 

club as 16.5:4.0:1.0:8.0:7.5:7.0:6.0:6.0:5.0: 

1.0; relative widths of Fl, F3, club as 3:3: 

4; flagellar setae erect, especially on basal 

funicular segments, length about equal to 

width of funicular segments (Fig. 16). 

Variation.— Body size of females exam- 

ined varied from 2.3 to 2.8 mm; males from 

1.6 to 2.4 mm. The color of the gaster is 

not a useful character for separating males 

of Quercanus because most males of Q. vir- 

idigaster have a yellowish area at the base 

of the gaster like males (and females) of Q. 

luteogaster. The ratio of head length to width 
for 10 females measured varied from 2.2 to 

2.4. The ratio of pedicel plus flagellum length 

to head width of 10 female specimens mea- 

sured varied from 0.96 to 1.0. 
Type material.—The holotype and allo- 

type (both UCDC) emerged in August of 
1967 from galls of Antron douglasii on 
Quercus lobata collected at Folsom Lake 
(near Folsom), California (USA) by Dr. 

Charles Dailey. Twenty-two female and 13 

male paratypes were collected as follows 

(BMNH, CNC, UCDC, USNM): United 
States. CALIFORNIA: Davis, em.I.1967 [ex 

Antron douglasii (unisexual gen.) on Quer- 

cus lobata], | 8, 14.X1.1960 (Quercus loba- 
ta), 1 6, XI1I.1935, 1 9, XII.1936 (Antron 
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echinus), 1 9; along Putah Creek south of 

Davis, 29.III-3.1V.1990 (malaise trap), 1 9, 

Folsom Lake (near Folsom), em. 14.1V.1962 

(ex Antron echinus on Quercus), 1 2, em. 

VII.1967 (ex Antron echinus on Quercus), 

1 4; 5 miles sw. Madison, em. I.1967 (Quer- 

cus lobata), 2 2, 1 6; Rocklin, em. 4.II.1967 

[ex Antron echinus (unisexual gen.) on Quer- 

cus douglasii], 2 2, 1 6, em. 8.1V.1962 (ex 

Antron douglasii on Quercus lobata), 1 4, 

em. 14.1V.1962 (ex Antron douglasii on 

Quercus lobata), 1 2, 1 8, em. 22.1V.1962 

(ex Antron douglasii on Quercus lobata), 3 

2, 2 6,em. 5.V.1962 (ex Antron douglasii on 

Quercus lobata), 1 2, em. VII.1967 (ex An- 

tron douglasii on Quercus lobata), | 4, em. 

10.1X.1967 [ex Antron echinus (unisex gen.) 

on Quercus douglasii], 1 29, em. 14.1X.1967 

{ex Antron echinus (unisex gen.) on Quercus 

douglasii], 2 6, em. XII.1961 (ex Antron 
douglasii on Quercus lobata), 8 °; Solano 
Lake, west of Winters, 21.III.1967 (Quercus 

lobata), 1 @. 

Etymology.—The species name refers to 

the green gaster in the females of this spe- 

cies. 
Biology. — Quercanus viridigaster is most- 

ly known from the summer generation of 

two cynipids, Antron quercusechinus (Osten 

Sacken) (current name for Antron echinus) 

on blue oak, Quercus douglasii, and from 
Antron douglasii (Ashmead) on valley oak, 

Quercus lobata. Antron quercusechinus 
makes the distinctive spiny urchin galls on 

the leaves of blue and scrub oaks (Russo 
1979). Antron douglasii makes another dis- 

tinctive leaf gall called the spiny turban gall 

on the leaves of valley, blue and scrub oaks 

(Russo 1979). 

Lysirina Heydon, NEw GENus 

Type species.—Lysirina polychroma 

Heydon, 1994. 

Description. — Body color black with more 

or less well developed but diffuse metallic 

spots in lateral lobes of mesoscutum and 

lateral parts of middle lobe. Body generally 

alveolate (Fig. 25); face striate below toruli 
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(Fig. 23); upper mesepimeron smooth. Head 

in dorsal view with face strongly convex: 
clypeus with two apical denticles on anterior 

margin (Fig. 23); toruli at LOcL; occipital 
carina lacking. Antenna of female with 3 

anelli and 5 funicular segments (Fig. 21); 

club with sutures asymmetrical, with ven- 

tral line of micropilosity, with terminal fin- 
ger like spica (Fig. 24). Antenna of male 
with 2 anelli and 6 funicular segments (Fig. 

22); funicular segments lacking setae and 

with numerous MPP sensilla. Mesosoma 

compact, about as wide as long (Fig. 25); 

notauli incomplete; prepectus small (as small 

or smaller than tegula); scutellum broadly 

abutting mesoscutum; propodeum with 

broad shallow groove between basal foveae 

which is bordered posteriorly by carinate 

edge (Fig. 26), with globose nucha, spiracles 

ovate and at anterior margin of propodeum. 

Gaster lanceolate (Fig. 25); sessile; hind 

margin of Tl convex. Forewing with spec- 
ulum; marginal vein and postmarginal vein 

longer than stigmal vein (Fig. 20). Legs with 
hind coxa highly convex, bare dorsally (Fig. 

25); hind tibia with | apical spur. 

Diagnosis. — The terminal spica on the fe- 

male club (Fig. 24) and the small prepectus 

place this genus somewhere near Norbanus 

Walker. Lysirina differs from Norbanus in 

having 3 anelli and 5 funicular segments in 

the females (Fig. 21) and the propodeum 

with a broad shallow groove between the 

basal foveae and a globose nucha (Fig. 26). 

Norbanus species have 2 anelli and 6 funic- 

ular segments in the females and the pro- 

podeum is uniformly reticulate and rela- 
tively featureless. Callitula Spinola also has 

a terminal spica on the female club and 3 

anelli and 5 funicular segments, but Calli- 

tula species have the clypeus strongly trun- 

cate, the prepectus larger than the tegula, 

the propodeum with the median panels 

lacking the anterior depression bordered 

posteriorly by a carinate edge and the nucha 

much larger, and the basal gastral tergite 

much enlarged. 

Etymology.—Lysirina is named in honor 
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Figs. 23-26. Lysirina polychroma, female. 23, Head, anterior view. 24, Antennal club. 25, Mesosoma and 

gaster. 26, Propodeum. 

of Dr. Lynn Sint Kimsey, Director of the 
Bohart Museum at the University of Cali- 

fornia, Davis. 

Biology. — Nothing 1s known of the host(s) 

of Lysirina species. 

Lysirina polychroma Heydon, 

New SPECIES 

Figs. 20-26 

Holotype, female.—Color: Head with face 

bluish black, vertex more coppery green. 

Mesosoma black with bluish reflections on 

nucha and dorsolateral region of collar; 

greenish reflections on lateral lobes and an- 

terolateral portions mesoscutum, metano- 

tum, lateral and posterior regions of pro- 

podeum; callus coppery green. Gaster weakly 

yellowish green but T1 with strong coppery 

reflections; T2—5 with dorsoapical 2 non- 

metallic. Antenna with scape yellow-brown 

but progressively more dark blue metallic 

over apical '2; pedicel, anelli black; F1l-3 

yellow-brown; F4—5, club brown. Legs with 
femora dark metallic blue except pale red- 

dish brown at tips; tibiae pale reddish brown, 

white at tips; tarsi white at base turning 

brown apically. Forewing with membrane 

clear; veins brownish yellow, parastigma and 

stigma reddish brown. 

Sculpture: Dorsal parts of head, dorsum 

of mesosoma alveolate; propodeum (in- 

cluding nucha) with alveolae more weakly 

developed (Fig. 25), region between costula 

and nucha smooth (Fig. 26). 

Structure: Body length 2.5 mm. Head 

width 1.3 height (51:40) (Fig. 23), 2.2 x 

length (51:23); eye height 1.4 x length (22.5: 

16.0), 1.3 x malar distance (22.5:17.0), eye 

length 16x temple length (16:1); ratio of 

MOD, OOL, POL, LOL as 3.0:7.0:12.5:5.5. 

Antenna (Fig. 21) with length of pedicel and 

flagellum 0.88 head width (45:51); rela- 
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tive lengths of scape, pedicel, anelli, F1—5, 

club as’ 21/:0:5:0:2-0:7.0:6.0:5.5:5.0:5.0:9.5, 
relative widths of Fl, F5, club as 3.0:4.0: 
4.0; MPP sensilla in two rows on each fu- 
nicular segment. Mesosoma length 1.1 x 

width (46:43). Relative lengths of submar- 

ginal, marginal, postmarginal, stigmal veins 

as 32:18:18:9. Gaster length 1.0 com- 
bined length of head and mesosoma (66:62), 

2.9 width (66:23); hypopygium extending 

¥s length of gaster. 
Allotype, male.—Similar to holotype ex- 

cept antenna with scape mostly dark me- 

tallic; flagellum dark dorsally, pale ventral- 

ly; tibiae mostly dark reddish brown. Body 

length 2.0 mm. Antenna (Fig. 22) with rel- 

ative lengths of scape, pedicel, anelli, F1-6, 
club as 14.0:3.0:1.0:7.0:6.0:5.5:5.5:5.0:4.5: 

9.0, relative widths of Fl, F6, club as 4.0: 
3.0:3.0; MPP sensilla white, prominent, in 

3 rows on basal segments, 2 rows on apical 

segments (Fig. 22); flagellum nearly gla- 

brous, much broader than pedicel. 

Variation. — Lysirina polychroma is high- 
ly variable in body color. The females from 

northern California (Woodland and near 
Winters) tend to be dark with the metallic 

patches on the mesoscutum poorly devel- 

oped; those from further south tend to have 

the metallic patches larger and more dis- 

tinct. Two have the mesoscutum almost en- 

tirely metallic except for dark, non-metallic 

strips along the notauli and its midline. The 

antennae of the two males from northern 
California are dark but have white MPP 

sensilla that stand out prominently; the two 

males from southern California have the an- 

tennae pale and the MPP sensilla are nearly 

invisible. If the lighting is proper, however, 

the MPP sensilla can be seen and they are 

in about the same numbers and arrange- 

ment as for the more northerly specimens. 

Body length of females varies from 2.2 to 

3.2 mm; males from 2.0 to 2.3 mm. The 

third anellus in females is sometitmes an- 
nulate, much wider than long, but in other 

females it is quadrate, about as long as wide. 

Type material.—The holotype (UCDC) 
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was collected in a Malaise trap exposed 30 

August to 12 September 1990 in Stebbins 

Cold Canyon Reserve, 11 km west of Win- 

ters, California (USA) by D. Carmean. The 

allotype and one male paratype (both 

UCDC) were collected from the same Mal- 

alse trap exposed between | 3-26 June 1991. 

Nine other paratypes were collected as fol- 

lows (BMNH, UCDC, USNM): United 

States. CALIFORNIA: 15 miles w. Baker, 

6.V.1977, 1 2; Borrego Valley (near Borrego 

Springs), 9.IV.1970, 1 2, 11.1V.1969, 1 2, 2 
6; Darwin Falls (~8.4 km ne. Darwin), 

12.V.1974, 1 2, 17.V.1974 (Eriogonum in- 

flatum), 1 °; Woodland, 5.VIII.1956, 1 2. 
NEW MEXICO: White Sands National 

Monument (~22 km wsw. Alamogordo), 

24.VIII.1971, 1 ¢. 

Etymology.—The species name refers to 

the multiple colors exhibited in specimens 

of this species. 

Biology.—The host(s) of Lysirina poly- 

chroma are unknown. One specimen from 

Darwin Falls, California was collected on 

Eriogonum inflatum Torrey and Fremont 

(Polygonaceae). The Malaise trap in which 

the holotype and allotype were collected was 

located in a rather dense stand of coast live 

oak (Quercus wislizenii A. DC.) (Fagaceae). 
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A NEW ANACHRYSIS FROM SOUTH AFRICA 
(HYMENOPTERA: CHRYSIDIDAE: AMISEGINAE) 

KARL V. KROMBEIN 

Department of Entomology, Smithsonian Institution, Washington, D.C. 20560. 

Abstract.—Anachrysis spanglerorum Krombein, n. sp., is described from a male from 
Warmbad, Transvaal, South Africa, and differentiated from the male of 4. paradoxa 

Krombein, the only other species in the genus. The tentative sex association in A. paradoxa 

is confirmed. 

Key Words: 

Kimsey and Bohart (1991: 95) recognized 

this unique male as distinct from the male 

of Anachrysis paradoxa Krombein (1986). 

It remained undescribed because of the ten- 

tative association of sexes in the monotypic 

genus Anachrysis. The type series consisted 

of the holotype male from Langjan Nature 

Reserve, Transvaal, 22°52’ S, 29°14’ E, 1980, 

and four female paratypes from Serowe, 

Botswana, 22°25’S, 26°44’E, 1983-1985. 

Per Forchhammer, collector of the female 
paratypes, continued Malaise trapping in 

Serowe, and collected nine females and a 

single male of 4. paradoxa, from 1987 

through 1990, for the Smithsonian (USNM) 
and California Academy of Sciences (CAS). 
With the association of sexes confirmed in 

that species, the second species now can be 

described. 

All specimens of this primitive genus have 

been collected in Malaise traps, suggesting 

that their behavior is similar to that of other 

Amiseginae, many of which are known to 

parasitize eggs of walking sticks. The fe- 
males search for eggs of the walking stick 

hosts in leaf litter on the ground, and males 

explore the same niche to find mates. 

Anachrysis spanglerorum Krombein, 

New SPECIES 

Fig. 2 

Male.— Length 4.8 mm, forewing 3.0 mm. 
Integument metallic blue, pedicel and basal 

Chrysididae, Amiseginae, wasp, Anachrysis, new species 

one (right) or two (left) flagellar segments, 

much of mesosternum, foretibia beneath and 

tarsi light reddish brown, remainder of fla- 
gellum darker brown; wings hyaline, veins 

dark. Vestiture sparse, silvery, short and 

erect to suberect. 

Head except clypeus much as in A. par- 

adoxa, clypeus (Fig. 2) with median lobe 

less produced, lateral margin gently round- 

ed and without a large reflexed lamina as in 

A. paradoxa (Fig. 1). 

Thorax with proportions and sculpture as 

in A. paradoxa; pronotum posterolaterally 

with a strong, curved carina margining side 

of depressed, narrow apex. 

Abdomen with punctation as in 4. par- 

adoxa but tergum II with a narrow, median 

polished streak on basal two-thirds. 

Female.— Unknown. 

Holotype.—South Africa, Trsvl. [Trans- 

vaal], 5 mi W. Warmbad, [24°53’S, 31°03’E], 
Feb. 1968, Krombein & Spangler (USNM). 

Etymology.—This species is named for 

my good friends, Paul and Phyllis Spangler, 

with happy memories of our field work in 

Africa. 

Remarks.—The specimen bears a few 

Lepidoptera scales, suggesting that it had 

been collected in the large Malaise trap that 

we used in Kenya and South Africa. The 

pedicel and flagellum of the right antenna 

are glued on the locality label. 
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the reflexed lateral lobe. 2, left area of clypeus of male 4. spanglerorum. 

The male is readily distinguished from 

that of A. paradoxa by the conformation of 

the clypeus (cf. Figs. 1, 2), the narrow, pol- 

ished median streak on T-II, and the light 

reddish brown coloration of most of the me- 

sosternum, the foretibia beneath and tarsi 

as contrasted to the darker brown of these 

parts in 4. paradoxa. 

Anachrysis paradoxa Krombein 

Fig. 1 

The male from Serowe, Botswana is ex- 

tremely like the unique holotype from Lang- 
jan, South Africa. The shallow median 

emargination of the apical margin of T-II, 

thought to be of generic significance in the 

holotype, appears to be a developmental 

anomaly; the margin is evenly convex in the 

Botswana male. Eight of the thirteen known 
females have light red tibiae and tarsi, and 
five have only the tarsi darker brown. The 

variability in coloration of these females 

raises some doubt concerning the differ- 
ences in coloration noted in males of the 

two species. The Serowe male has a curved, 

posterolateral carina, weaker than in 4A. 

spanglerorum, margining the narrow, de- 
pressed apex of the pronotal disk. In the 

Langjan holotype, this area is not carinate 

but drops abruptly to the narrow, depressed 

apex as shown in Krombein (1986, Fig. 1). 

It seems likely that the species is active 

throughout the year. During the period 

1987-1990, Forchhammer collected nine 

females in February, May, June, August, 
September, October and December; the sin- 

gle male was taken in January. 
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A KEY TO THE GENUS TACHYTES IN AMERICA NORTH OF 
MEXICO WITH DESCRIPTIONS OF THREE NEW SPECIES 

(HYMENOPTERA, SPHECIDAE, LARRINAE) 

RICHARD M. BOHART 

Department of Entomology, University of California, Davis, California 95616. 

Abstract. —The illustrated key and taxonomic notes include 35 species. The three new 

ones are Tachytes desertus (Texas to California and Baja California), grisselli (Florida), 

and werneri (Arizona and Mexico). Tachytes rossi Bohart (1962) is placed in synonymy 

with fulviventris Cresson. 

Key Words: 

Tachytes Panzer with a European species, 

Sphex tricoloratus Turton as generotype, is 

one of the larger genera in the Sphecidae. 

Bohart and Menke (1976) redescribed the 

genus, reviewed infrageneric classification 

emphasizing species groups, and listed 268 

species from all Zoological Regions. Bohart 

(1979) revised the South American species, 

reassessed species groups, and described 31 

new species. Tachytes now contains over 

300 species worldwide. 

I have made thousands of identifications 

of North American Tachytes and examined 

types of many species. Clearly it is time to 

produce an identification key for the North 
American fauna, although some problems 

remain. Females of two related forms (bad- 
ius Banks and werneri Bohart) as well as 

females of species related to pepticus are 

separated with difficulty. The key proposed 

here for the 35 species in our fauna should 

be helpful, it not the final word. 
I have used species groups instead of sub- 

genera. Banks (1942) gave new subgeneric 

names, but his included species for Tachytes 

Panzer, s.s. and Tachyplena are confusing. 

Based on the subgenerotypes, Banks’ sub- 

Hymenoptera, Sphecidae, Larrinae, Tachytes, species key, United States 

genera correspond to my species groups as 

follows: 

Tachytes Panzer 1806 s.s (type Sphex tri- 
coloratus Turton 1802, = Sphex tricolor 
Fabricius 1793, nec Sphex tricolor 

Schrank 1781) = Tachyplena Banks 1942 

(type Tachytes mandibularis Patton = 

Larra aurulentus Fabricius) = aurulentus 

and ermineus groups of Bohart. 

Tachynana Banks 1942 (type Tachytes ob- 
scurus Cresson) = abdominalis group of 

Bohart and Menke (1976). 

Tachyoides Banks 1942 (type Tachytes mer- 

gus W. Fox) = mergus group of Bohart 

and Menke (1976) = nitidiusculus group 

of Bohart (1979). 

According to a strict interpretation of the 

above subgenera, as indicated by their type 

species, my amazonus, distinctus and pep- 
ticus groups do not agree with any of them. 

The amazonus group as used in this paper 

is distinguished from the distinctus group of 

Bohart and Menke (1976) by the subequal 

length of F-I-II and the welted female clyp- 

eus of the former as indicated in Bohart 

(1979). The aurulentus group of Bohart and 
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Menke (1976) has here been divided into 

aurulentus and ermineus groups depending 

upon basal mandible color. 

Notes RELATING TO SPECIES KEY 

In females of the pepticus group only sayi 

and cressoni are readily identifiable. In the 

subgroup with considerable anteromedian 

reflective pubescence (pepticus, fluviventris, 

sculleni) only sculleni seems to always have 
T-I to III red. The dark abdomen form of 

pepticus was called sericatus by Cresson, as 

a distinct species. I consider it at most a 

subspecies. The dark form of fulviventris is 

rossi R. Bohart (new synonym). In the sub- 

group with little, if any, anteromedian re- 

flective pubescence (spatulatus, pennsylvan- 
icus, californicus, nevadensis) all except the 
dark abdomen pennsylvanicus have T-I to 

III red in females. 

Geographical ranges indicated in the key 

are of some significance. I have seen pep- 

ticus from Illinois to Colorado and Arizona. 
The range of fu/viventris extends from Illi- 
nois to southern California and Mexico. 7. 

pennsylvanicus occurs mostly in eastern 

U.S., sculleni and spatulatus are western, 
both californicus and nevadensis are largely 
confined to their namesake States. 

Technical terms used in the key and de- 

scriptions are: F-I through F-XI, flagello- 

meres; T-I through T-VII, terga; S-I through 

S-VIII, sterna; LID, least interocular dis- 

tance; apicad, toward apex; basad, toward 

base; gonostyle, male “clasper’’; dististyle, 

apical part of male “‘clasper’’; off-silvery, 

slightly tarnished, nearly silvery. 

Key To T4CHYTES OF AMERICA 

NortTH OF MExIco 

1. Hindfemur with many erect hairlike setae be- 

neath (Figs. 2, 19), spread out over most of 

femoral length; male flagellomeres apically, 

forecoxa, and forefemur simple ............ 2 

— Hindfemur with not more than a few such 

erect hair-like setae beneath toward base, male 

characters various .... 

Mandible red at or near base (or in aurico- i) 

mans T-I to III only fasciate in male, and no 

apical setal tufts on male T-VJ), scape usually 

bright orange red (aurulentus group) ........ 3 

Mandible black toward base, scape not Brent 

orange red, no apical setal tufts (ermineus 

group) : 

T-I to III with apical setal fasciae, scape nearly 

all black to dark red, mandible sometimes 

blackish toward base; e. U.S., North Carolina 

to: Florida; Mlinois' toes Texas: <. is... 2c. 3 

.auricomans Bradley 

T-I to IV with apical pale setal fasciae, scape 

usually bright orange red, mandible red to- 

ward base . 

Scutum apicolaterally bathout silvery to gold- 

en reflective pubescence, sie F-II to VI 

somewhat swollen beneath; e. U.S. west to 

Arizona, New Mexico, ae ; 

.. validus Cresson 

Scutum apicolaterally with silvery to golden 

reflective pubescence (turn in several direc- 

tions to catch light), male F various ........ 5 

Female pygidial plate bright silvery or very 

light golden, male T-VII with dense and rath- 

er short silvery setae, male flagellar articles 

moderately convex beneath; Arizona, New 

Mexico, w. Texas exornatus W. Fox 

Female pygidial plate dark coppery; male 

T-VII with off-silvery setae partly separated 

and not concealing integument, male F var- 

ious .. : 

LID slightly greater than F-I fengit female 

pygidial plate not margined, male F-II to IV 

slightly convex beneath (Fig. 10); U.S. west 

to Wyoming, Arizona . aurulentus (Fabricius) 

LID and F-I length subequal (Fig. 1), female 

pygidial plate with a smoothly raised margin 

all around, male F-II to IV strongly convex 

beneath (Fig. 21); Florida ... grisse//li R. Bohart 

Hindtibiaired! s....2../5...: ae rie 8 

Hindtibiaiblack ...7.0......:-.- Saas all 

8. Hindfemur all red or more than half so, scu- 

tum anteromedially with at least a sprinkling 

of golden reflective setae, female pygidial plate 

coppery, male F-II to V rather strongly con- 

vex beneath, male T-VI with or without lat- 

eral tuft : 

Hindfemur black or more than half so, scu- 

tum anteromedially without golden reflective 

setae, male F-II to V various, male F-VI with 

lateral bristle tuft (as in Fig. 11) ......... 10 

Female propodeal dorsum with dense ap- 

pressed golden setae, male T-VI without lat- 

eral setal tuft, male T-V much broader api- 

cally than T-VI basally; Maryland to Florida, 

west to e. Texas .... . praedator W. Fox 
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Female without dense appressed golden setae 

on propodeum except laterally; male T-VI with 

lateral bristle tuft (Fig. 11), male T-V not much 

broader apically than T-VI basally; e. U.S., 

Maryland to Florida, Illinois, Texas 

columbiae W. Fox 

. Scutum anterolaterally with a patch of reflec- 

tive setae, both sexes with rather sparse hair- 

like setae beneath hindfemur, female with pale 

apical setal fasciae on T-I to IV; male with 

T-II to V strongly convex beneath, S-VIII 

weakly incised (Fig. 9); e. U.S., Massachusetts 

to Florida, Illinois, e. Texas ..... harpax Patton 

Scutum anterolaterally without a patch of re- 

flective hair, both sexes with abundant erect 

hairlike setae beneath hindfemur; female with 

pale apical setal fasciae on T-I to III; male 

with F-II to V moderately convex beneath, 

S-VIII semicircularly incised (Fig. 8); e. U.S. 

toreamexasyiNebraska’ =)c77s- eae crassus Patton 

. Scutum anterolaterally without or with very 

little silvery reflective pubescence, female py- 

gidial plate mostly bright silvery, dististyle 

broad and flat toward apex; e. U.S., North 

Carolina to Florida, Kansas . floridanus Rohwer 

Scutum anterolaterally with a patch of silvery 

reflective pubescence, female pygidial plate 

not silvery, dististyle narrowed or pointed at 

ADE eee 

. Female pygidial plate light golden, male hind- 

femur with relatively few erect hairlike setae 

scattered over its entire length; dististyle mod- 

erately stout, rounded toward apex; w. U.S., 

w. Texas to Utah, Arizona, Mexico ....... 

ermineus Banks 

Female pygidial plate coppery to nearly black, 

male hindfemur with abundant erect hairlike 

setae beneath over its entire length, dististyle 

VAT OUS ba. ce teterc oecypea eee fo OS eee ace: 13 

. Female pygidial plate coppery in some lights, 

setae relatively fine; male F-IX-X somewhat 

broadened (Fig. 3), male S-VIII with promi- 

nent erect hairlike setae, dististyle obliquely 

rounded over at apex (Fig. 22); Arizona, Cen- 

tral America . werneri R. Bohart 

Female pygidial plate nearly black, slightly 

coppery reflections; setae relatively coarse; 

male F tapering evenly toward apex; male 

S-VIII without unusual hairlike setae, disti- 

style narrow, almost pointed; Texas to Ari- 

zona, Mexico .. badius Banks 

. Mandible red or reddish yellow toward base; 

male with long or short coxal projections (Fig. 

17), forefemur with subbasal depression ... 15 

Mandible black basad, male characters vari- 

OUS Ss.4 tint Seen Stee Sele oP ae 21 

. Female pygidial plate with somewhat sepa- 

rated, silvery setae; male forecoxa with pro- 

jection quite short, male LID more than 2 x 

F-I length; small species, 7-8 mm long; New 

Jersey to Florida, west to Oklahoma, Texas, 

and Arizona, Central America (mergus group) 

eB de ads (0a 86 REDE S sect OEE ooo mergus W. Fox 

Female pygidial plate with close coppery to 

dark brown setae, male forecoxa with stout 

to slender but longer projections, mostly larg- 

erspecies, withigreater MID rm: sneer 16 

. Female clypeus with transverse subapical pro- 

jecting ridge, male F-I and F-II length sub- 

equali(amazonusigroup)| 2... Je-ssee eee 17 

Female clypeus gently convex, male F-I at 

least 10 percent longer than F-II (distinctus 

Favo\lho) his obas ops ae tuate soa sooo eadcus 18 

. Female hindfemur black, male S-III to V with 

median hairlike tufts, male clypeal lip pro- 

truding and subapically polished; widespread 

inwNewaWorld. vot4.- ae amazonus F. Smith 

Female hindfemur red, male sterna without 

hairlike tufts, male clypeal lip not protruding 

or polished, gonostyle broad and petiolate (Fig. 

18); Texas to California, Baja California ... 

PCa AE Ae Ser: desertus R. Bohart 

. Scutum anterolaterally without a patch of sil- 

very or golden pubescence, female with well- 

defined fasciae on T-I-II only, male with such 

bands on T-I to III; e. U.S. to Texas and Kan- 

sas, Central America .. guatemalensis Cameron 

Scutum anterolaterally with a patch of silvery 

or golden pubescence, both sexes with 3 or 5 

well-defined pale tergal fasciae ............ 19 

. Hindtibia all or mostly black, T-I to IV with 

apical pale fasciae, male F-III-IV swollen be- 

neath, female pygidial plate bright coppery; 

Texas to Arizona, Central America 

sat Me Be hey sehyere eee Ghee AAG chrysocercus Rohwer 

Hindtibia all or mostly red, T-I to IV various, 

male F-III-IV cylindrical, female pygidial plate 

VATIOUS Specie ea oe nicest oer 20 

. Female pygidial plate bright coppery, hind- 

femur nearly all red in both sexes, T-I to III 

only with pale tergal fasciae; s. Florida, es- 

pecially Florida Keys .......... seminole Banks 

Female pygidial plate dark coppery brown, 

female with pale tergal fasciae on T-I to III, 

but male on T-I-IV, hindfemur mostly black 

(typical) or mostly red (var.); widespread and 

common in U.S., Mexico ... distinctus F. Smith 

. Female hindtibia with posterior row of spines 

stout and peglike, especially basad; male with 

short and apically setose projection from fore- 

coxa, male forefemur with subbasal ventral 

depression (abdominalis group) .......... 22 

Female hindtibia with mostly slender spines, 

not peglike; male without a forecoxal projec- 
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i) i) 

tion or subbasal forefemoral depression (pep- 

LIGUSOTOUD) ements pera eae ee RRs 31 

. T-Vin female and T-V-VI in male with much 

silvery or off-silvery pubescence, female py- 

gidial plate light golden, male dististyle nar- 

row and fingerlike; U.S. widespread, Mexico 

obductus W. Fox 

T-V in female and T-VI in male with dark 

pubescence, female pygidial plate and male 

GISHStYIESVATIOUS: & = gece cues ee ees uu ae 23 

. Metapleural flange expanded under hindwing 

in basalar area, female with T-I-II red or black, 

female pygidial plate bright coppery, both sex- 

es with pale setal fasciae on T-I to IV, male 

dististyle sharply pointed and without much 

long setae; e. U.S., Central America 

intermedius (Viereck) 

Metapleural flange not expanded in basalar area, 

other characters‘various ...........2:..+6+... 24 

. Females, 6 visible terga, some of which may 

bezed; 10 flagellomeres: 4. .c.255 sc nen 2 rp) 

Males, 7 visible terga, all with black ground 

color; 11 flagellomeres ............ 28 

T-I to III only with pale setal fasciae ........ 26 

T-I to IV with pale setal fasciae ..... 27 

. T-I to III red, pygidial plate golden brown; 

U.S., widespread but not common 

memes parvus W, Fox 

T-I to III black, pygidial plate dark; wide- 

spread in U.S., Mexico, common . : 

CS ne) See TSR chrysopyga obscurus Cresson 

27. Pygidial plate light brown toward apex, more 

30. 

Si. 

golden toward base, a little whitish basola- 

terally; T-I to III red; U.S. east of Pacific Coast 

states, Mexico .............. abdominalis (Say) 

Pygidial plate rather evenly bright coppery, 

T-I to VI red; w. U.S., Texas to Arizona, Mex- 

ico birkmanni Rohwer 

. Mandible notch on lower edge a small ‘“‘v 

not flanked by basal knob 

eS eee chrysopyga obscurus Cresson 

Mandible notch on lower edge large, flanked 

by ibasali knob) i3.,.6020.s « 29 

. T-I to III only pale setal fasciae, no antero- 

lateral scutal patch of silvery reflective pu- 

bescence parvus W,. Fox 

T-I to IV with pale scial fasciae, scutum with 

anterolateral patch of silvery reflective pu- 

IDESCENCE Nice aie toe eS are core eis 30 

Dististyle moderately stout, wit many erect 

bristles, relatively common species, mostly 9— 

10 mm long ..abdominalis (Say) 

Dististyle broad medially, narrowed toward 

apex, less bristly, uncommon species, mostly 

6-7 mm long birkmanni Rohwer 

T-V in female and T-VI in male with silvery 

or off-silvery pubescence, female pygidial plate 
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light coppery, scutum with little (ifany) bright 

reflective pubescence anterolaterally; male 

hindfemur sometimes with a few erect hair- 

like setae ventrobasad, male F tapering grad- 

ually apicad (Fig. 7); Kansas, Oklahoma, west 

to Oregon, California sayi Banks 

T-V in female and T-VI in male black, scutal 

pubescence various, female pygidial plate var- 

ious, male hindfemur rarely with any long 

hairlike setae ventrobasad, male F at least 

slightly irregular apicad . Ww tN 

. Female pygidial plate silvery at base, erading 

to light golden apicad, male unknown, Texas 

eae cressoni Banks 

Female Spree nites coppery to dark coppery 

33 

. Females, 6 external terga; 10 flagellomeres . 34 

Males, 7 external terga, 11 flagellomeres ... 36 

34. Scutum with much anteromedian reflective 

39: 

40. 

. Terga all dark 

pubescence (see notes in front of key) 

. pepticus (Say), fulviventris Cresson, sculleni R. 

Bohart 

Scutum with little, if any, anteromedian re- 

flective pubescence: ...........--.- ae): 

pennsylvanicus Banks 

T-I to III mostly red (see notes in front of key) 

californicus R. Bohart, nevadensis R. Bohart, 

spatulatus W. Fox 

. F-IX distinctly broader than X-XI (Fig. 5) . 37 

F-IX not unusually enlarged as compared with 

XD (Figs: A0)) ees kee ce estate 39 

37. Dististyle slender (Fig. 14); U.S. west to We 

izona and s. California, Baja California ... 

pepticus (Say) 

Dististyle stout, bladelike (Figs: 12,13). 38 

. Scutum anteriorly with considerable renee: 

tive pubescence, T-I-II usually red, T-III of- 

ten dark; Illinois west to Utah and Arizona, 

Mexico : fulviventris Cresson 

Scutum anteriorly with little, if any, reflective 

pubescence, T-III red; California, Oregon, 

Idaho .. californicus R. Bohart 

F-VIII-I[X-X somewhat enlarged (Fig. 4), T-I 

to II usually red but T-III dark, scutum with- 

out unusual reflective pubescence, dististyle 

slender (Fig. 16); Texas to Wyoming, west to 

California and Oregon spatulatus W. Fox 

F-VIII-IX-X not unusually enlarged, terga, 

scutum, dististyle various 

Scutum with much median reflective pubes: 

cence; F-VIII slightly broader than IX-X (Fig. 

6); gonostyle without a strong bristle tuft at 

inner angle, or series of strong bristles, disti- 

style moderately bladelike (Fig. 13); Texas and 

western states, especially Arizona and New 

Mexico sculleni R. Bohart 

Scutum with little, ic any, median reflective 

40 
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pubescence; F-VIII-IX slightly broader than 

X-XI; gonostyle with strong inner bristles, 
dististyle slender (Fig. 15) ....... ohn. 4 

41. T-I-Il red; gonostyle with series of strong, sub- 

basal, inwardly directed bristles (Fig. 15); 

mostly Nevada, but also s. Oregon, e. Cali- 

fornia, e. Washington, Utah, Idaho 

of subbasal inner bristles; e. U.S. west to Tex- 

as, Nebraska, Montana pennsylvanicus Banks 

Tachytes desertus R. Bohart, 

NEw SPECIES 

Holotype male.—Length 9 mm. Black, 

marked with orange-red: mandible toward 

base, tegula, post-tegula partly, foretibia, 
midtibia partly, tarsi, T-I-II and base of III; 
wing veins brown, membrane clear. Pubes- 

cence silvery, thick on face, overhanging 

clypeal midlobe, abundant on scutum, 

mesopleuron, foretibia, midtibia; forming 

apical bands on T-I to IV, a little such on 

V; pygidial setae fine, thick, silvery; hind- 

femur without long erect hairlike setae ven- 

trally. Flagellomeres cylindrical, F-I 2.5 x 

longer than wide, about as long as F-II, 0.8 

LID; clypeus with median subapical trans- 

verse ridge creating a short punctate lip; 

genitalia with gonostyle broad, densely white 

setose beneath, apipcally with long bristles 

(Fig. 18). 
Female.—Length 13-16 mm. About as in 

male except: abdomen all red, notum and 

propodeum often red, legs mostly red in- 

cluding hindfemur, pygidium light golden, 
T-I to IV silvery banded. Clypeal transverse 

ridge and punctate lip as in male but more 

pronounced. 

Male holotype, (U.C. Davis), Santa Elena 

Cyn., Big Bend National Park, Brewster Co., 
Texas, VIII-25-54 (R. M. Bohart). Para- 

types: female, 9 males, Rio Grande Village, 

Big Bend Park, VI, VII, 1980 (A. Hook); 2 

males, 3 females, topotypes, VII and VIII 

(R. Gardner, C. Kovacic, C. & P. Vaurie). 

Paratypes and other specimens will be dis- 

tributed to major collections in the U.S. 

I have also seen 85 males and 24 females 

(not paratypes) from the following: Utah 

(Delta, 6 mi w. Smithfield), New Mexico 

(12 mis. Alamogordo, White Sands), Texas 

(Pecos, Riviera Beach in Kleberg Co.), Ar- 

izona (Gila Bend, Sentinel, Continental, 

Topock, Willcox, Yuma, Phoenix), Nevada 

(Moopa, Averton, Fallon & 30 mine., Sand 

Mt. in Churchill Co., Sandy, Hazen), Cali- 

fornia (Yermo, Buttonwillow, Taft, Death 

Valley, Warm Sulfur Springs in Inyo Co., 

20 mi w. Blythe, Thermal, 29 Palms, Mar- 

icopa, Deep Springs in Inyo Co., Palo Ver- 

de, Olancha), Baja California, Mexico (Los 

Angeles Bay, Pond Island Bay). 

This desert denizen in the western U.S. 

is related to another member of its group, 

amazonus, which has an even broader dis- 

tribution. As indicated in the key, the short 

male clypeus largely covered by silvery pu- 
bescence, and the red hindfemur of the fe- 

male are distingushing. Also, the male of 

desertus has no hairlike setae on S-III-V, 
which characterize amazonus. Most speci- 

mens of desertus, including all females, have 
T-I-II red but in males these may be oc- 

casionally dark. 
The name is derived from the Latin ad- 

jective desertus = lonely or forsaken. 

Tachytes grisselli R. Bohart, 
New SPECIES 

Holotype male.—Length 13 mm. Brown 

to black marked with orange red: mandible 

except apex, scape almost entirely, tegula 

and wing veins, legs from middle of femora. 
Pubescence abundant, light creamy on face, 

scutum laterally and a sprinkling medially, 
metanotum, propodeum except dorsally; 

femora with much pale to golden pubes- 

cence, that beneath hindfemur long, pale, 

erect; T-I to VI with pale apical setal fasciae; 
pygidial setae off-silvery and somewhat sep- 

arated. F-I to VI convex beneath, strongly 

so on II to IV (Fig. 21); LID subequal to 

F-I length (Fig. 1); male genitalia (Fig. 20). 
Female.— Length 15-17 mm. About as in 
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CS) 2 2. werneri 4. spatulatus 
a 

1. grisselli 

Aly werneri 
5. pepticus 

6. sculleni 

7. sayi 

12. californicus 13. sculleni 14. pepticus 15. nevadensis 16.spatulatus 

\ |Z 

17. desertus WZ 2 

| \Z ji | 
| \ YZ | /, 

18. desertus 19. grisselli 20. grisselli 21. grisselli 22. werneri 

Figs. 1- Tachytes species (all figures based on males). 1, dorsal view of vertex to show LID, 1a, pedicel 

and F-I. rer ae profile. 3-7, F-VII to F-XI. 8-9, S-VIII, ventral. 10, pedicel and F-I to F-VI, lateral. 

11, T- VIL. 12-16, gonostyle and volsella, right side, ventral. 17, coxa (c) and trochanter (t) of foreleg, ventral. 

18, 20, 22, gonostyle and volsella, right side, ventral. 19, hindfemur, profile. 21, pedicel and F-I to F-VI, lateral. 

Drawings comparative, not to scale. 
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male. Tergal bands sometimes more golden; 

pygidial setae nearly black, edges of plate 

plainly turned up, leaving a smooth margin 

all around. 
Male holotype (U.C. Davis), Gainesville, 

Alachua Co., Florida, [X-2-73 (E. E. Gris- 

sell). Paratypes, 9 males, 14 females, topo- 

types (E. E. Grissell, H. V. Weems, B. Saffer, 

G. B. Fairchild), all taken in VIII-IX. Other 

paratypes from Florida: 4 males, female, 9 

mi ssw. Ocala, Marion Co., [X-X-1975 (J. 

Wiley); 6 males, 2 females, Archbold Sta- 

tion, Highlands Co., VII-X (R. M. Bohart, 
T. A. Webber, H. V. Weems); 2 males, 3 

females, Orange Springs, Putnam Co., IX- 

X, 1975 (J. Wiley); 3 males, near Sebring 

Airport, Highlands Co. (H. V. Weems); 

male, near Holt, Okaloosa Co., VII-31-78 

(L. A. Stange). 

This species is in the aurulentus group as 

indicated in the key. It resembles exornatus 

and aurulentus, from both of which it differs 

by the strongly convex F-II to IV in the male 

(Fig. 21), the narrower LID in both sexes, 

and the definitely margined pygidial plate 
of the female. The dark female pygidium 

additionally separates grisselli from exor- 

natus. Among the specimens examined no 

significant variation beyond slight size dif- 

ferences has been observed. 

The species is named for the collector of 

the holotype, my friend and eminent chal- 

cidologist, Eric Grissell. 

Tachytes werneri R. Bohart, 

New SPECIES 

Holotype male.—Length 11 mm. Black; 

tegula partly, wing veins brown; tarsomere 

V reddish. Pubescence very light golden to 

off-silvery, thick and reflective on face, lat- 
erally and anteromedially on scutum, thick 

on mesopleuron, propodeum lateroposteri- 

orly, T-I to IV in posterior bands, thick and 

fine on propodeum; hindfemur with many 

erect hairlike setae over its whole length 

ventrally (Fig. 2); S- VIII with abundant erect 

pubescence. F-I longer than II and about 

0.7x LID; F-X slightly wider than F-IX 

which is slightly wider than F-VIII (Fig. 3); 

male genitalia (Fig. 22). 

Female.—Length 13 mm. (Madera Can- 

yon specimen). About as in male except: 

pubescence more silvery, more pronounced 

on scutum and mesopleuron, erect hairlike 

setae more sparse on hindfemur ventrally; 

pygidial plate with close, fine, coppery setae. 

Male holotype (U.C. Davis), Madera 

Canyon, Pima Co., Arizona VIII-16-79 (R. 

M. Bohart). Paratypes, 9 male topotypes, 

VIII (R. M. Bohart, A. J. Gilbert, N. J. 
Smith, R. W. Brooks); 5 males, Molino Ba- 

sin, Santa Catalina Mts., Arizona, VIII-15- 

54 (R. M. Bohart); 9 males, Sycamore Can- 

yon near Ruby, Arizona, VIII-17-61 (F. 

Werner, J. Bequaert). Paratypes and other 

specimens will be distributed to major col- 

lections in the U.S. 
Other specimens, not paratypes, 74 males, 

18 females: Arizona (in or near Nogales, 

Patagonia, Pena Blanca, Skeleton Canyon, 

Portal, Apache, Bisbee, Lowell, Tucson, Ba- 

boquivari Mts.); Mexican States: Sonora, 

Veracruz, Chihuahua, Nayarit, Morelos, 

Jalisco, Oaxaca, San Luis Potosi, Chiapas. 
Although close to badius, the terminal an- 

tennal and S-VIII characters distinguish the 

male of werneri. In the genitalia the gon- 

ostyle of werneri is slightly stouter (Fig. 22). 

Females of the 2 species are difficult to sep- 

arate. However, it appears that the pygidial 

setae of werneri are finer and more coppery. 

Both species occur in Arizona and Mexico. 

Texas seems to harbour mainly badius. At 

least in males very little variation has been 

observed. 
The name is in honor of Floyd Werner, 

my friend and one of the paratype collec- 

tors. 
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NESTS AND ENEMIES OF EXOMALOPSIS (PHANAMALOPSIS) SOLANI 
COCKERELL (HYMENOPTERA: APOIDEA, MUTILLIDAE; 

DIPTERA: ASILIDAE) 

BETH B. NoRDEN, KARL V. KROMBEIN, AND SUZANNE W. T. BATRA 

(BBN, KVK) Department of Entomology, Smithsonian Institution, Washington, D.C. 

20560; (SWTB) Bee Research Laboratory, Bldg. 476, United States Department of Ag- 

riculture, Beltsville, Maryland 2070S. 

Abstract.—The bee, Exomalopsis (Phanomalopsis) solani Cockerell was studied in 

Apache, Arizona, 1988 and in Rodeo, New Mexico, 1991. Bees nested communally in 

hard packed, horizontal ground surrounded by low xeric vegetation. Nest structure, pro- 
visions, and larvae are discussed. Evidence of cooperative nesting without differentiation 

into castes is examined. Cleptoparasites of immatures, Pseudomethoca bethae Krombein 

(Mutillidae) and Nomada gutierreziae Cockerell (Apoidea), and a predator of adult bees, 

Mallophorina pulchra Pritchard (Asilidae), are identified. 

Key Words: 

dae, Mutillidae 

The genus Exomalopsis includes primar- 

ily small, neotropical bees. Exomalopsis 

(Phanomalopsis) solani Cockerell ranges 

from Colorado into southern Mexico (Hurd 

1979), and is common in southern New 

Mexico and Arizona (Timberlake 1980). 

Although it is an abundant species in the 

American southwest, few nests have been 

examined (Rozen 1984), and some aspects 

of the communal nesting behavior of this 

species require clarification. 

MATERIALS AND METHODS 

Study sites. —-Nest data were obtained by 

the excavation of three active nests. One 

nest was examined 30-31 August 1988 by 
BBN at Apache, Cochise Co., Arizona (Fig. 

1). Two nests were excavated 5 and 10 Sep- 

tember 1991 by Bryan N. Danforth (pers. 

comm.) at 2.5 km N of Rodeo, Hidalgo Co., 
New Mexico. All nests were located in hor- 

izontal ground and were surrounded by a 

diversity of low xeric vegetation, including 

Communal, cleptoparasite, ground-nesting, Exomalopsis, Apoidea, Asili- 

Eriogonum, Euphorbia, Gutierrezia, Het- 

erotheca, Lepidium, Mentzelia, Solanum, 

and Sphaeralcea. The soil was hard packed, 

and consisted of coarse pebbles in a fine, 

grayish clay/sand matrix. 
Nest architecture.—The three nests were 

completely excavated from the surrounding 

substrate after blowing fine dry plaster of 
Paris powder into the opening and tunnels 

to outline their paths. Soil particles were 

carefully removed with a small paintbrush, 
penknife, tablespoon, and shovel. Addi- 

tional soil was removed in a 10 cm radius 

surrounding the traced burrows, in an effort 
to locate plugged laterals and additional cells. 

Provisions and immatures. — Females 

were observed while collecting pollen in the 

field. Scopal pollen on hind legs and pollen 

in cells were freeze-dried, then mounted on 

stubs for scanning electron microscope ob- 

servation and photographing. Immatures, 

ranging from first instar to post-defecating 
larvae, were collected and preserved in 
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Kahle’s solution for microscopic examina- 

tion. 

Communal behavior. — While excavating 

the 1988 nest at Apache, Arizona, all E. 

solani found within this nest or returning to 

it with pollen were captured. Only female 

adults were found, and 19 of the total 21 

females were placed in Kahle’s solution for 

later dissection and laboratory examina- 

tion. Behavior and numbers of females as- 

sociated with all three nests were observed 

and recorded. Laboratory analysis, follow- 

ing Batra 1966, included measuring relative 
body sizes estimated by maximum head 

width in micrometer units (1 mm = 6.4 

units), mandibular wear (estimated by 

bluntness of mandible tips), wing wear (in- 

dicated by the number of nicks in both fore- 
wings), ovarian and Dufour’s gland devel- 

opment (micrometer units), and gut contents 

(empty, nectar, pollen). 

Enemies.—All insects found within the 
bee nests or in the area near them were col- 

lected and identified. Immature stages, re- 
moved from bee cells, were placed in shal- 

low wells in a covered plastic culture dish 

and returned to the laboratory for rearing. 

Voucher specimens of all insects collected 

during this study were deposited in the Na- 
tional Museum of Natural History, Smith- 
sonian Institution. 

RESULTS AND DISCUSSION 

Nest architecture.—The inconspicuous 

nest entrances were smooth, circular open- 

ings into the horizontal soil surface. They 
were 4.5 mm in diameter, and devoid of a 

surrounding turret or tumulus. Each nest 

consisted of a main tunnel that descended 

perpendicularly from the ground surface 
with twists and minor detours around rocks. 

The cells were encountered at depths rang- 

ing from about 30-50 cm. Cells appeared 

to be arranged in horizontal linear series 

that radiated from the main vertical shaft. 

The lateral tunnels containing these cells 
were filled with loose soil, and cells were 
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Fig. 1. 

nest, Apache, Arizona, 31 August 1988. 

Excavation of Exomalopsis solani Cockerell 

always separated by a distance of 1 cm or 

more. Because of the difficulty in tracing 

these soil-filled laterals, and their close 
proximity to one another, it was not pos- 

sible to determine the exact number of cells 

per lateral. Cell bases were always lower than 

cell caps, but cell orientation relative to the 

lateral was highly variable. Table | provides 

data from the three nests. The presence of 

many old, previously used cells in two of 

the nests suggests that natal nests are reused 

by subsequent generations. Perhaps this ex- 

plains the earlier observation (Linsley et al. 

1954) that E. solani appropriates aban- 

doned burrows. Previously used cells were 

easily identified by a thin layer of fungal 
hyphae covering the cell walls (Fig. 2F). 

Cell walls were harder than the surround- 

ing soil, and cells could be extracted without 

breaking. Walls of empty new cells did not 
test positive for glucose, so it is assumed 
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Table 1. Comparison of three Exomalopsis solani 

nests. 

Nest #1 
30-31 Nest #2 Nest #3 
Aug. 5 Sept 10 Sept 
1988 1991 199] 

Adult females present 19 6 1 

Maximum nest depth Slem 40cm 44cm 

Total cells 44 35 43 

Cells with eggs 5 11 3 

Cells with larvae 20 17 13 

Incomplete cells 5 4 1 

Moldy cells 6 3 25 

Parasitized cells 8 0 2 

that water, rather than nectar was used dur- 

ing excavation. Cell measurements ranged 

from 8.0-9.5 mm in length and 5.0-5.5 mm 

in width (n = 25). Cells were lined internally 

with a delicate, transparent, somewhat 

glossy, hydrophobic material (Fig. 2D) 

probably secreted by the Dufour’s gland. Cell 

caps were 3.8—4.2 mm in diameter (n = 15) 

and consisted of 4-5 concentric coils (Fig. 
2A). These closures consisted of rough, ap- 
pressed soil pellets and, unlike cell walls, 

were not waterproof (Fig. 2B, C). Tunnel 

walls (Fig. 2E) also were unlined, allowing 

water to pass through quickly, but like cell 

walls, they had an almost polished appear- 

ance when viewed without magnification. 

They were not as strong as cells, but were 

somewhat harder than the surrounding soil. 

Provisions and immatures.—Cell provi- 

sions were oblong pollen and nectar masses 

with the distal portion conforming to the 

cell base. Their surfaces were smooth and 

moist, and a cheesy odor, such as that as- 

sociated with Anthophora (Norden et al. 

1980), was not detected. The “ventral foot” 

as mentioned by Rozen (1984) was not ob- 

served. Plant pollens of several species were 

present in each of the cells examined (n = 

5) and they appeared to be distributed 

throughout the masses (Fig. 3A). In one cell, 
four different pollens were found (Fig. 3B). 
The other cells each contained mixtures of 

three pollens. Foraging E. solani females (n 
= 8) were observed to collect and carry only 

one species of pollen per load (Fig. 3D). This 

finding may support Michener’s (1966) sug- 

gestion that individual cells are provisioned 
by more than one female, or may simply 

reflect changes in pollen availability over 

the course of time. Completed pollen mass- 

es were coated with a material that appeared 

to provide anti-fungal benefits (Fig. 3C). 
Hyphae readily invaded, however, when in- 

complete masses were abandoned, or they 

were broken open, exposing internal pro- 

vision contents (Fig. 3E, F). 

Placement of a single egg was atop the 
pollen mass or towards one side, as de- 

scribed by Rozen (1984). Feeding larvae en- 

circled their provisions as they grew. They 

resembled larvae of E. chionura Cockerell 

(Rozen 1957). Fecal pellets were spread 

throughout the cell, but were never on cell 

caps. No larvae spun cocoons. 

Communal behavior.—Michener (1966) 

noted that multiple nest occupancy occurs 

regularly in the genus Exomalopsis. Upon 

first approaching the Apache, Arizona nest, 

a single female was positioned in the open- 

ing with her head level with the ground. 

When a blade of grass was poked into the 

hole, she retreated into the tunnel, turned, 
then positioned herself abdomen up, effec- 

tively plugging the entrance. Scraping the 

ground surface surrounding the nest open- 

ing in preparation for digging caused the 

guarding female to again retreat deeper into 

her nest. Nineteen of the 21 females occu- 
pying this nest were preserved and analyzed 

to determine their probable roles within the 

group nest. 
The size of females varied little. Head 

width ranged from 16.0-17.5 units, with an 

average of 16.5 units. Mandibular wear also 

varied little, and the tips of all mandibles 

were blunted, indicating that all females may 
have participated in nest excavation. Wing 

wear however, varied considerably, ranging 

from 5 to 22 nicks per bee (X = 12.78). 

Similarly, ovarian development was also 

quite variable. The largest oocyte per bee 

ranged from 6-21 micrometer units (X = 
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Fig. 2. Scanning electron micrographs of Exomalopsis solani nest structures. A, interior view of cell closure 

showing the concentric coils. B, magnified cap showing uncoated soil pellets composing the coils. C, view into 

cell base showing smooth interior and rough texture of surrounding soil that has fallen in. D, cell lining coating 

soil particles of the cell interior surface. E, closeup of tunnel walls revealing no lining material. F, portion of 

interior wall of a used cell showing several uneaten pollen grains and fungal mycelium covering the cell lining. 
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Fig. 3. Scanning electron micrographs of Exomalopsis solani provisions. A, pollen mass revealing distribution 

of different pollens throughout. B, one mass with at least four different pollens present. C, surface of completed 

pollen mass showing coating that may have an anti-fungal effect. D, scopa of foraging female E. solani with 

pollen collected from only one host plant. E, fungal hyphae invading a pollen mass that had been cut in half 

with a sterile scalpel. F, incomplete pollen mass with fungal hyphae filling the cell and pulling the lining from 

the cell’s earthen wall. 
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Fig. 4. 

ground near E. solani nest. B, female showing considerable mandibular wear that was collected within E. solani 

nest. 

12.47 units). Eleven of the 13 females that 

had enlarged ovaries with an egg larger than 

the mean, had recently eaten nectar and pol- 

len; four of the six females with smaller ova- 
ries had not eaten recently. The size of the 
Dufour’s gland was not well correlated with 

the size of the ovaries. However, the Du- 

four’s gland of a bee can shrink suddenly 
whenever its secretion has been applied to 

a cell. 

The two known foragers, captured re- 

turning to the nest with pollen, were of av- 

erage size (16 and 17 units) and had average 

mandibular wear. One had a large oocyte 

(16 units), but the other had small oocytes 

(6 units). The wings of both bees were very 

worn (20 and 21 nicks). The three bees that 

had the largest oocytes (21, 16, and 16 units) 

were of average size (16, 16, and 17 units). 

They had 20, 11, and 10 wing nicks re- 
spectively, somewhat above average wing 

wear. Their mandibular wear was nearly av- 

erage. These data indicate that, although this 

species nests communally, and shares a sin- 

gle nest entrance, there is no evident differ- 

entiation into workers and egglayers. Un- 

fortunately, there was not time to mark 

individual bees and watch them to deter- 

mine which individuals were foragers, and 

during what time in their lives. Our data 

support Michener’s (1966) finding that EF. 

Frontal view of heads of cleptoparasitic wasp, Pseudomethoca bethae. A, pristine female collected on 

solani nests cooperatively, without the de- 

velopment of castes. 

Enemies.—Two adult female mutillids, 

Pseudomethoca bethae Krombein (1992), 

were found within the Apache nest during 

the 1988 excavation. These wasps are known 

cleptoparasites of bee larvae. One individ- 

ual with somewhat eroded mandibles was 

on a cell provision, presumably feeding; the 

other, with badly eroded mandibles (Fig. 

4B), was within the main tunnel 39 cm be- 

low ground. We assume that mandibular 

wear occurred as the wasps chewed into the 

hardened brood cells in order to gain access 

to bee larvae. Nine additional adult females 

of P. bethae (Fig. 4A) were collected crawl- 

ing on the ground near the Apache and Ro- 

deo nest sites. Also found within one of the 

Rodeo nests were two cells containing a post- 

defecating larva and a cocoon of unidenti- 

fied mutillids (Bryan N. Danforth, pers. 

comm.). 

Another aculeate cleptoparasite found 

within the Apache nest and in the imme- 

diate vicinity was the cuckoo bee, Nomada 

gutierreziae Cockerell. Two Nomada larvae 

were removed from cells containing post- 

defecating E. solani larvae and were pre- 
served. Five female and one male Nomada 

removed from six otherwise empty FE. so- 

lani cells were reared in the laboratory. Co- 
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coons were not spun by the Nomada larvae. 

Parker (1984) reported this same nomadine 

[as Hypochrotaenia (Micronomada) gutier- 

reziae| to be a cleptoparasite of the gregar- 

iously nesting Exomalopsis (Anthophorula) 

crenulata Timberlake in southern Utah. 

Several specimens of another nomadine bee, 

Paranomada nitida Linsley, were collected 

by KVK near the Apache nest. While not 

directly associated with E. solani, P. nitida 
is highly suspect since Paranomada velutina 

Linsley was recorded in the nests by Rozen 

(1984). Triopasites penniger (Cockerell), also 

collected by KVK near the Apache nest, has 

been associated with Exomalopsis (Jerome 

G. Rozen, Jr., pers. comm.). 

The only observed predator of adult E. 

solani was the asilid fly, Mallophorina pul- 
chra Pritchard. Flies perched on flower stems 

throughout the Apache and Rodeo nesting 

areas and grabbed bees as they foraged. Oth- 

er insects comparable in size to E. solani 

were also taken as prey by the asilid, al- 

though flies of this genus are reported to 

specialize in the collection of Hymenoptera 

(Cole and Pritchard 1964). 
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Abstract. —Two new genera of phycitine moths from Mexico are described. They are 

Neyvacolima, n. gen. with N. jaliscoensis, n. sp. and N. zodia, n. sp., and Megacerdresa, n. 

gen. with M. cordobensis, n. sp. Also described from the Republic is Homoeographa 

mexicana, 0. sp. 

Key Words: Moths, phycitines, Mexico 

Seventy-nine species of phycitines have 

been previously reported from Mexico (Ci- 

brian-Tovar et al. 1986, Hedlin et al. 1981, 
Heinrich 1956, McGuffin 1967, Mutuura 

and Neunzig 1986, Neunzig 1983, 1986, 
1990). Based on the size of the Republic, 

the diversity of habitats found in the coun- 

try, and the abundance of phycitine species 
elsewhere in North America, this number 

obviously represents only a small fraction 

of the Mexican fauna of Phycitinae. 
While identifying phycitines on loan from 

the San Diego Natural History Museum 

(SDNHM), and the University of California 

at Davis (UCD), I found four additional 

Mexican species belonging to the subfamily. 

Allare new species, one isa Homoeographa, 

and the others are of particular interest be- 

cause they belong to previously undescribed 

genera. 

Nevacolima Neunzig, 

New Genus 

Gender. — Feminine. 

Type species.—Nevacolima jaliscoensis 
Neunzig. 

Antenna of male simple (Fig. 9) or with 

sinus at base of shaft (Fig. 8). Front convex, 

roughly scaled. Labial palpus oblique (Fig. 

13). Maxillary palpus simple. Haustellum 

well developed. Ocellus present. Basal half 

of costa of forewing of male (Figs. 6, 7) 

slightly convex or slightly concave; under- 

side of wing of male simple, without costal 
fold or sex-scaling. Forewing without raised 

scales; with eleven veins, R, at base close 

to, but separate from R,,, and R;: R;,, and 
R, stalked for over '2 their lengths; M, 

slightly curved to straight; M, and M, sep- 

arate, but close at base; CuA, from lower 

outer angle of cell; CuA, from well before 

lower outer angle of cell. Hindwing (Figs. 6, 
7) with eight veins (1A, 2A and 3A consid- 

ered together to be one vein); Sc + R, and 

Rs fused for about '2 their lengths beyond 

cell; M, from upper outer angle of cell; M, 

and M, stalked for about '2 their lengths; 

CuA, from lower outer angle of cell; CuA, 

from well before angle of cell: cell less than 
%» length of wing. Male abdominal segment 

8 with ventral scale tufts (Figs. 16, 19); scales 

forming tufts pale to black, short to long, 
mainly straight and slender; sclerotized bar 

associated with tufts with rather large, swol- 
len, distally-rounded, medial projection or 

slender medial projection. Male genitalia 

(Figs. 14, 15, 17, 18) with uncus absent; 

gnathos with distal part consisting of two 
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well-developed, posterolaterally diverging, 

acute elements; transtilla a well-developed 
transverse bar, borne by very slender lateral 

bases; juxta a weakly sclerotized plate with 

short, setiferous, lateral lobes; valva tri- 

lobed, divided into short, basal, weakly 

sclerotized, subtriangular, costal lobe, a 

more usual appearing, elongate, spatulate 

element and a lobelike sacculus; inner base 

of elongate spatulate element with pale, dig- 

itate lobe; linear aggregation of long slender 

scales originating at base of valva and sac- 

culus; aedoeagus with two clusters of stout, 

spinelike cornuti; vinculum well developed. 

The female of Nevacolima is unknown. 

In some respects, particularly the reduc- 

tion, or extensive modification, of the uncus 
and gnathos, and the trilobed valva, the male 

genitalia of Nevacolima resemble those of 
Gabinius Heinrich, Ohigginsia Neunzig, and 
Peadus Heinrich, however, there are major 

differences. For example, in Nevacolima the 

only posterior structure that is clearly de- 

fined is the gnathos, whereas in Gabinius, 

Ohigginsia, and Peadus elements that usu- 

ally comprise the gnathos are considered to 

be absent, and an uncus although reduced, 
is present. Also, the transtilla in Nevacolima 

is complete and a distinct part of the geni- 

talia; in the related genera the transtilla is 

absent, or weakly developed (but never 

complete). 

Nevacolima jaliscoensis Neunzig, 

NEw SPECIES 

Figs. 1, 6, 9, 13-16 

Type locality.—10.8 mi N. Nevado de 

Colima, Jalisco, Mexico. 
Diagnosis.—The simple male antenna 

(Fig. 9), in conjunction with the genitalia 

that lack an uncus and have a complete 

transtilla (Figs. 14, 15) distinguish jalis- 

coensis from other Phycitinae. 
Description. — Length of forewing: 6.5-8.5 

mm. Head with front brownish white; ver- 

tex mostly dark brown and reddish brown 
with fuscous or black laterally; antenna sim- 
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ple (Fig. 9); labial palpus white basally, 

mostly fuscous, or black, with some red and 

white medially and distally; maxillary pal- 

pus fuscous, or black, and white. Thorax 

with dorsum brown, and with patch of red 

and black laterally; collar similar to dorsum. 
Forewing without antemedial line; most of 

costal half of wing dusted with white, with 

red and black, elongate, medial, costal patch, 

and suffused with fuscous, or black, distally; 

posterior half ochre, red and reddish brown 

with fuscous, or black, distally; postmedial 
line mostly white, weakly developed; discal 

spots black, obscure to moderately distinct. 

Hindwing smoky fuscous, darker along veins 

and near costal and outer and posterior 

margins. Male genitalia (Figs. 14, 15) as in 

description of genus. Female unknown. 

Distribution.— Known only from the type 

locality, west-central Mexico. 
Holotype.—é—Highway 54, 10.8 mi N. 

Nevado de Colima, Jalisco, Mexico, 27-30 

May 1989, Bloomfield, genitalia slide 3501 

HHN (SDNH®M). 
Paratypes.—Same collection data as for 

holotype, 5 6, genitalia slides 3503, 3504 

HHN (SDNHM, NCSU). 

Nevacolima zodia Neunzig, 

New SPECIES 

Figs. 2, 7, 8, 17-19 

Type locality.—10.8 mi N. Nevado de 

Colima, Jalisco, Mexico. 

Diagnosis.—The complex male antenna 

(Fig. 8) with its basal sinus and associated 

sensilla, along with the appearance of the 

male genitalia (Figs. 17, 18) provide diag- 

nostic features. 
Description.—Length of forewing: 7.0 

mm. Head with front brownish white; ver- 

tex mostly pale brown and brownish red 

with fuscous, or black, laterally; antenna of 

male (Fig. 8) with sinus at base of shaft; 

mesially projecting spinelike sensillum at 

base of sinus, and another similar sensillum 
from apex of sinus; sinus and sensilla par- 
tially covered with appressed scales; seven 
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Figs. 1-4. Male adults. 1, Nevacolima jaliscoensis n. sp., holotype (7.0 mm). 2, Nevacolima zodia n. sp., 

holotype (7.0 mm). 3, Megacerdresa cordobensis n. sp., holotype (9.0 mm). 4, Homoeographa mexicana n. sp., 

holotype (7.0 mm). (Length of forewing in parentheses.) 

segments of shaft just distad of sinus with 
smaller, mesially projecting, basally-scaled 

sensilla; labial palpus white basally, seg- 

ments 2 and 3 red, fuscous, or black and 

white; maxillary palpus fuscous basally, 
white distally. Thorax with dorsum mostly 
brown; collar similar to dorsum, with some 

red anteriorly. Forewing without anteme- 

dial line; most of costal half of wing dusted 

with white, with red and black, elongate, 
medial, costal patch and suffused with fus- 

cous, or black, distally; posterior half pale 

brown and red suffused with fuscous, or 

black; postmedial line mostly white, weakly 

developed; discal spots black, indistinct. 

Hindwing smoky fuscous, darker along veins 

and near costal, outer and posterior mar- 

gins. Male genitalia (Figs. 17, 18) as in N. 

jaliscoensis with the following differences: 

distal elements of gnathos shorter; sacculus 

more completely fused to valva; vinculum 

distinctly longer than greatest width; ae- 

doeagus more elongate, with clusters of 

spines curved. Female unknown. 

Distribution. — Known only from the type 

locality in west-central Mexico. 

Holotype.—é— Highway 54, 10.8 mi N. 

Nevado de Colima, Jalisco, Mexico, 27-30 

May 1989, Bloomfield, genitalia slide 3502 

HHN (SDNHM). 
Although obviously related to N. jalis- 

coensis, zodia is significantly different, par- 

ticularly with regard to the male antennae, 
to possibly justify placing the latter species 

in a different genus. However, inasmuch as 
females of both species are unknown, it is 
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Figs. 5-7. 

best, at this time, to group the species to- 

gether. 

Megacerdresa Neunzig, 

New GENUS 

Gender. — Feminine. 

Type species.—Megacerdresa cordoben- 
sis Neunzig. 

Antenna of male (Fig. 10) with scape 

elongate, cylindrical; basal segments of shaft 

Male wing venation. 5, Megacerdresa cordobensis n. sp. (9.0 mm). 6, Nevacolima jaliscoensis n. 

sp. (7.5 mm). 7, Nevacolima zodia n. sp. (7.0 mm). (Length of forewing in parentheses.) 

enlarged and forming a distinct sinus; inner 

margin of sinus with basal and distal, small, 
spinelike sensilla; outer margin of sinus with 

basal tuft of slender scales; female antenna 
simple; sensilla trichodea (cilia) of shaft of 

male short and abundant. Frons convex. 

Labial palpus (Fig. 12) upcurved, reaching 

above vertex. Maxillary palpus simple. 

Haustellum well developed. Ocellus pres- 

ent. Forewing of male (Fig. 5) with basal 
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Figs. 8-13. Male antennae and labial palpi. 8, Nevacolima zodia n. sp., frontal view of base. 9, Nevacolima 

jaliscoensis n. sp., frontal view of base. 10, Megacerdresa cordobensis n. sp., frontal view of base. 11, Homoeo- 

grapha mexicana n. sp., lateral view. 12, Megacerdresa cordobensis n. sp., lateral view. 13, Nevacolima jaliscoensis 

n. sp., lateral view. (All scale lengths 0.5 mm.) 
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half of costa slightly convex; underside of 

wing, of male, with sex-scaling in costal half: 

upperside of wing with groups of slightly 

raised scales; with eleven veins; R, separate 

from R,;,, and R, at base; R;,, and R, 

stalked for about % their lengths; M, slightly 

curved; M, and M, separate; CuA, from 
lower outer angle of cell. Hindwing (Fig. 5) 

with eight veins (LA, 2A and 3A together 

considered as one vein). Sc + R, and R, 

fused, or very close, for less than '2 their 

lengths beyond cell; M, with basal fourth 
very close or fused to base of Sc + R, and 

Rs; M, and M, stalked for about ' their 

lengths; CuA, with basal fifth fused, or very 

close, to base of M, + M;; CuA, from near 

lower, outer angle of cell; cell about 3 length 

of wing. Male abdominal segment 8 with 

ventral scale tufts (Fig. 22). Male genitalia 
(Figs. 20, 21) with uncus hoodlike (only 

slightly tapering); apical process of gnathos 

a broad, weakly sclerotized, spatulate pro- 

cess; transtilla absent; juxta with well de- 
veloped setiferous, rather elongate lateral 

arms; valva short, broad, sacculus with an- 

teriorly projecting arm supporting large scale 

tuft; aedoeagus robust, with two slightly 

curved, short, well-developed cornuti, and 

numerous microspines; vinculum shorter 

than greatest width, broadly rounded an- 

teriorly. Female genitalia (Fig. 23) with duc- 

tus bursae about as long as corpus bursae, 

twisted, with a few scobinations near genital 

opening, a dense, elongate, medial patch of 

many microspines, and numerous sclero- 

tized, irregular ridges near junction with 

corpus bursae; corpus bursae membranous, 

with large, curved, denticulate, spinelike 

signum, and many scobinations, particular- 

ly near signum; ductus seminalis attached 

to corpus bursae near junction with ductus 

bursae. 

Although the genus Megacerdresa shows 

affinities to Ceracanthia Ragonot, Dres- 

coma Dyar, Drescomopsis Dyar, and Me- 

garthria Ragonot (the male antenna of Me- 

gacerdresa resembles those of Ceracanthia 

and Megarthria in having the base of the 
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shaft enlarged and with a distinct sinus, sen- 
sillae and scale tufts; the male genitalia of 

Megacerdresa are like those of Ceracanthia, 

Drescoma, Drescomopsis and Megarthria in 

possessing broad valvae with the base of the 

sacculus enlarged and bearing large scale 

tufts; the female genitalia, to some extent, 
look like those of Drescoma cyrdipsa with 

their long, strongly developed, spinelike sig- 

num in the corpus bursae), I propose a new 

genus for cordobensis chiefly for the follow- 
ing reasons: (1.) the contrasting, diagonal, 

white bands on the forewing, so character- 

istic of species of Drescoma, Drescomopsis, 

and Megarthria, are lacking in cordobensis; 
(2.) the male genitalia of cordobensis have 

the gnathos broadly spatulate and weakly 

sclerotized distally, but in Ceracanthia, 
Drescoma, Drescomopsis, and Megarthria 

produced into a strongly developed, well 

sclerotized, slender hook, and the aedoea- 

gus is short and has robust cornuti in cor- 

dobensis, but is elongate and unarmed in 

the related genera; (3.) the female genitalia 

of cordobensis only resemble those of Dres- 
coma cyrdipsa, and even in cyrdipsa the 

ductus bursae is much shorter, and differs 
in configuration, internal spining and irreg- 

ularities. 

Megacerdresa cordobensis Neunzig, 

NEw SPECIES 

Figs. 3, 5, 10, 12, 20-23 

Type locality. —Cordoba, Vera Cruz, 

Mexico. 
Diagnosis.—The broadly spatulate distal 

element of the gnathos of the male genitalia, 
and the large curved, denticulate signum in 

the corpus bursae of the female genitalia will 
separate cordobensis from similar phyci- 

tines. 
Description. — Length of forewing 8.0-8.5 

mm. Head with frons and vertex brownish 

white to pale reddish brown, sometimes with 

fuscous and/or reddish brown scales; anten- 

na (Fig. 10) as in description of genus; labial 

palpus (Fig. 12) mostly brownish white with 

some fuscous scales and white basally in 
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Figs. 14-19. Male genitalia and scale tufts of abdominal segment 8. 14, Nevacolima jaliscoensis n. sp., 
aedoeagus removed, and long scales originating at inner base of valva omitted. 15, aedoeagus. 16, scale tufts. 

17, Nevacolima zodia n. sp., holotype, ventral view, aedoeagus removed, and some long scales originating at 

inner base of valva omitted. 18, aedoeagus. 19, scale tufts. (All scale lengths 0.5 mm.) 
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male, segments 2 and 3 less uniformly col- 

ored in female, with many fuscous and with 

some pale red scales; maxillary palpus 

mostly brownish white, simple, vestiture 

flared basally. Thorax dorsum and collar 

pale brown, in some specimens suffused with 

brownish red or fuscous. Forewing with 

ground color pale brown, costal half dusted 

with white, particularly near costa; fuscous 

patch at base of wing; antemedial line white, 

difficult to detect (its location defined by 

fuscous and reddish brown patches forming 

its basal and distal borders); postmedial line 

white, faint; small fuscous and reddish 

brown, indistinct, lunuate patch about mid- 

way on costa; discal spots black, separate, 

moderately distinct. Underside of forewing 

of male, with streaks of pale orange and 
fuscous sex-scales. Hindwing pale smoky 

brown, darker on veins and near costal and 

outer margins. Male abdominal segment 8 
with ventral scale tufts (Fig. 22): scales 

forming tufts straight, moderately long and 

simple. Male and female genitalia as given 

under generic description. 

Distribution.—Known only from Cor- 

doba, in east-central Mexico. 

Holotype.—é—Cordoba, Vera Cruz, 

Mexico, 4 November 1966, Alfredo B. Lau, 

genitalia slide 3491 HHN (UCD). 

Paratypes.—Same collection site as ho- 
lotype, 5, 8, 13, 18 August 1966, 8 Septem- 

bersl9665-8) LOM 20). 915 22-27..31Oc= 
tober 1966, 3, 4, 29 November 1966, 6, 9 

December 1966, | specimen collected by J. 

S. Buckett, M. R. and R. C. Gardner, all 
others collected by Alfredo B. Lau, 9 4, 13 

2, genitalia slides 2072, 2073, 2080, 3490, 
3492 HHN (UCD, NCSU). 

Homoeographa mexicana Neunzig, 

New SPECIES 

Figs. 4, 11, 24, 25 

Type locality. — 13 mi N. Manzanillo, Co- 

lima, Mexico. 

Diagnosis.—The male genitalia of mexi- 
cana have a long, slender, basal, anteriorly 

projecting element on the apex of the gna- 

thos, a long digitate clasper on the inner base 

of the valva, and groups of slender cornuti 
in the aedoeagus. 

Description.—Length of forewing 7.0 

mm. Head with frons white to ochreous with 

patches of brownish red; male antenna with 

sinus and strongly developed tuft of scales 

at base of shaft; labial palpus (Fig. 11) long, 

appressed to frons, mostly ochre, brownish 

red and white (white chiefly along inner 

margin, and some fuscous, or black, on dis- 
tal part of segments 2 and 3); maxillary pal- 

pus aigrettelike, mostly ochre with pink tip. 

Thorax dorsum and collar ochre. Forewing 

mostly ochre and reddish brown; anteme- 

dial line white, weakly developed: post- 

medial line white, well developed only near 

costa; small groups of black scales, in part 

interspersed with white and brownish-red 

scales, in basal, medial and terminal areas; 
discal spots moderately distinct, lower spot 

elongate and distinctly larger than upper 

spot. Underside of wing of male without 
costal fold or sex-scaling. Hindwing pale 
smoky fuscous, darker on veins and near 

costal and outer margins. Male abdominal 

segment 8 with complex scale tufts; some 

scales forming tuft very broad, greatly mod- 

ified and angulate distally. Male genitalia 

(Figs. 24, 25) with uncus hoodlike, some- 

what elongate; gnathos with apical process 

a short, rather robust hook with a long, 

straplike, basal projection (projection ex- 

tending almost to lateral arms of juxta); 

transtilla absent; juxta with short, rounded, 
setiferous lateral arms; valva slender, with 

inner, basal, digitate clasper (clasper almost 

as long as 2 length of valva); vinculum about 
2x as long as greatest width, medially 

pointed; aedoeagus elongate, slightly bul- 

bous in distal 3, with two groups of several, 
slender cornuti. Female unknown. 

H. mexicana differs most noticeably from 

the only other known species in the genus, 

lanceolella Ragonot, 1n having the forewing 
mostly ochre and reddish brown with more 

black scales and a large, lower discal spot, 

and in having the male genitalia with a lon- 
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Figs. 20-25. Male genitalia, scale tuft of abdominal segment 8, and female genitalia. 20, Megacerdresa cordobensis n. sp., holotype, ventral view, aedoeagus removed. 21, aedoeagus. 22, scale tufts. 23, ventral view 
ductus bursae, corpus bursae and ductus seminalis. 24. Homoeographa mexicana n. sp., holotype, ventral view, 
aedoegus removed. 25, aedoeagus. (All scale lengths 0.5 mm.) 
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ger basal projection on the apical process of 

the gnathos, a longer clasper on the valva, 

shorter, more robust lateral arms on the jux- 

ta, an apically pointed, rather than truncate, 

vinculum, and an aedoeagus with more nu- 

merous and more slender cornuti. 

Distribution.— Known only from the type 

locality, near Manzanillo on the west-cen- 

tral coast of Mexico. 

Holotype.—é—13 mi N. Manzanillo, Co- 
lima, Mexico, 24-26 May 1989, N. Bloom- 

field, genitalia slide 3498 HHN (SDNHM). 
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TWO NEW SOUTH AMERICAN SPECIES OF THE GENUS KEMPYNUS 
NAVAS (NEUROPTERA: OSMYLIDAE: KEMPYNINAE) 

JOHN D. OswALpb 

Department of Entomology, NHB 165, National Museum of Natural History, Wash- 

ington, D.C. 20560. 

Abstract. —Kempynus digoniostigma, n. sp. (Chile and Argentina) and K. tjederi, n. sp. 

(Chile) (Neuroptera: Osmylidae: Kempyninae) are described. New distributional data are 

reported for K. crenatus and K. falcatus, the two other South American species of this 

genus. A key to all four South American species of Kempynus is given. 

Key Words: 
Chile 

The neuropterous family Osymlidae con- 

tains approximately 150 species which are 

collectively distributed over much of the 

Old World and South America. Living os- 

mylids are absent from North America, but 

several North American fossils have been 

attributed to this family. Adults of most ex- 

tant species of osmylids are usually found 
in association with freshwater. Known os- 

mylid larvae are either “‘subaquatic’”’ (i.e., 

found in damp situations immediately ad- 

jacent to free water) or subcorticolous. The 

known South American osmylid fauna cur- 

rently contains five genera and 13 species: 

Gumilla (2 spp.; Brazil), Isostenosmylus (5 

spp.; Bolivia, Brazil, Ecuador, Peru), Kem- 

pynus (4 spp.; Argentina, Chile), Paryphos- 

mylus (1 sp.; Ecuador), and Phymatosmylus 

(1 sp.; Chile). 

The kempynine genus Kempynus exhibits 

a classical Gondwanan distribution (Wise 
1991), and, consequently, is of special bio- 

geographic interest. The 12 previously 

known extant species of Kempynus are en- 

demic to either Australia (7 spp.; New 1983, 

1986), New Zealand (3 spp.; Wise 1963, 
1977, 1991), or southern South America (2 

spp.; Adams 1971). This paper reports the 

Insecta, crenatus, digoniostigma, falcatus, tjederi, new species, Argentina, 

discovery of two additional species of Kem- 

pynus endemic to South America. In ad- 

dition, new distributional records for the 
two previously described South American 

species, K. crenatus Adams and K. falcatus 
Navas, are provided based on material ac- 

cumulated in the collection of the National 

Museum of Natural History (NMNH), 

Smithsonian Institution. A key to the four 

South American species of Kempynus is also 

presented. Osmylid larvae probably attrib- 

utable to the genus Kempynus (based on the 

presence of synchronic and sympatric adults) 

have been collected at the air-water inter- 

face along the margins of small streams in 

Chile (O. S. Flint, pers. comm.; specimens 

in NMNH). 

The morphological terminology used here 

follows Adams (1971), except for the 

subgenitale, which Adams treated as part of 

the female 8th sternite (Adams 1971:47, figs. 

2F, 2G; = 8th gonocoxite sensu New 1983, 

1986, Adams 1969). I use the term subgen- 

itale to imply the homology of this structure 

with sclerites found in similar relative po- 

sitions in the females of other neuropterous 

families. Terminalic illustrations were made 

from material macerated in ca. 10% KOH 
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and stained with Chlorazol Black; setae and 

trichobothria are not shown. 

Key TO SOUTH AMERICAN 

SPECIES OF KEMPYNUS 

1. Forewing apex angulate, subapical margin 

without a well-delimited pale lunate region 

posteriorly, with or without a biangulate fus- 

cous maculation distally - . 

1’. Forewing apex broadly rounded, subapical 

margin with a well-delimited pale lunate region 

posteriorly, without a biangulate fuscous mac- 

ulation distally (Adams 1971: 46, fig. 1) 

: ; K. crenatus Adams 

2. Forewing with a prominent biangulate fuscous 

maculation distally (Figs. 1, 2), proximal third 

of subcostal (Sc-R) space with or without well- 

delimited fuscous spots ‘ 393} 

2’. Forewing without a prominent biangulate fus- 

cous maculation distally (dark maculae of oth- 

er shapes may be present, e.g. Adams 1971: 

47, fig. 3B), proximal third of subcostal (Sc- 

R) space with several well-delimited fuscous 

spots K. falcatus Navas 
3. Proximal third of forewing subcostal (Sc-R) 

space without well-delimited fuscous spots (Fig. 

1; but minute brownish nebulae may be pres- 

ent); free distal lobes of female subgenitale en- 

close a narrow, proximally acute, space in ven- 

tral view (Fig. 4) 

to 

Ww . Proximal third of forewing subcostal (Sc-R) 

space with 2-3 well-delimited fuscous spots 

(Fig. 2); free distal lobes of female subgenitale 

enclose a broad, proximally rounded, space in 

ventral view (Fig. 6) K. tederi Oswald, n. sp. 

Kempynus digoniostigma Oswald, 

New SPECIES 
Figs. 1, 3, 4 

“Fontecilla graficus [sic] Petia, 1987:116 
(figure) [misidentification]. 

Diagnosis. — Distinguished from other 

South American Kempynus species by the 

following forewing character combination 
[Fig. 1]: (1) forewing with a prominent, dis- 

tal, biangulate macula, and (2) proximal 

third of forewing subcostal space without 
well-delimited fuscous spots. The following 

female terminalic characters are also dis- 

tinctive [Fig. 4]: (1) distal lobes of subgen- 
itale elongate and medially concave, and (2) 

median cleft between distal lobes of subgen- 
itale narrow proximally, not broadly round- 

ed. 
Description. — Forewing (Fig. 1): Length: 

29-34 mm (xX = 31.5, n = 5 wings). Shape: 

narrow and elongate, apex angulate, pos- 

terodistal margin very slightly falcate. Col- 

oration: membrane and veins irregularly ir- 

rorate with fuscous on a pale or hyaline 

ground; the following fuscous maculae are 

especially prominent: (1) a longitudinally 

oriented, biangulate mark apically, (2) a se- 

ries of small, irregularly spaced marks 

around wing margin, (3) a row of small 

marks along anterior radial trace, and (4) a 

row of larger blotches along CuA. Venation: 

as in Fig. 1. Nygmata: forewing, one prox- 

imal and 1-3 (x = 2.2, n = 10 wings) distal; 

hind wing, | proximal and 1-3 (¥ = 1.9, n 

= 10 wings) distal. 

Female terminalia (Figs. 3, 4): 8th tergite 

with lateral margins produced ventrally and 

enclosing spiracles of 8th somite. Eighth 

sternite quadrate in ventral view with a 

broad membranous emargination postero- 

medially and a prominent sclerotized pro- 

cess anteromedially, anterolateral angles ar- 

ticulated to anterior angles of 8th tergite. 
Ninth tergite narrow in lateral view, its an- 

terior margin loosely articulated to a pair of 

posterolateral 8th tergite lobes. Ectoprocts 

with anterior margins closely associated with 

posterior margin of 9th tergite. Ninth gon- 

ocoxites free, elongate reniform, the pair di- 
condylically articulated to a pair of subven- 

tral processes on posterior margin of 9th 

tergite, styli present. Subgenitale composed 

ofa pair of elongate, medially concave lobes 

which arise from a common constricted base 

attached to a narrow, transverse, sclerotized 

arch; lobe length somewhat variable, slight- 

ly longer in paratypes than shown in holo- 

type illustrations (Figs. 3, 4). Genital tract 

components similar to those illustrated by 

Adams (1971: 47, fig. 2H) for K. crenatus, 

i.e. (1) colleterial gland long and proximally 

enlarged, (2) unpaired median bursal gland 

short and tubular, (3) two bilobed sper- 
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Figs. 1, 2. 

2, Kempynus tjederi, wings (holotype). Scale bars = 10 mm. 

mathecae present, each attached to bursa by 

a long, narrow, duct, (4) fertilization canal 

short and attenuate, incorporated into dor- 

sal wall of median oviduct. 

Male terminalia: Very similar to, and not 

clearly distinguishable from, crenatus (Ad- 
ams 1971: 47, fig. 2A) and falcatus (ibid., 

fig. 2B) on the basis of the single available 
male; gonarcus arched and setose; 9th gon- 

ocoxites crescentic in lateral view, termi- 

nating distally in a membranous lobe: 

““mediuncus” lobes joined proximally, cres- 

centic in lateral view, mesal faces weakly 

sclerotized, lateral surfaces membranous and 

each bearing a slender blind tube subapi- 

cally; hypandrium internum present. 

Distribution.—Reported here from Ar- 

gentina (Neuquén Province) and Chile 

(Malleco and Nuble Provinces). Kempynus 

digoniostigma is broadly sympatric with K. 

crenatus and K. falcatus in south-central 

Chile. 
Primary type.—Holotype 2 (NMNH). 

Type locality: CHILE: Malleco Prov.: 

Termas [de] Tolhuaca [= Termas de 

T[rlolguaca, 38°14’S 71°44'W]. Verbatim 

label data: ““CHILE: Malleco / Termas Tol- 

huaca / 46km N Curacautin / 15 mar 1986 

/L.E. PenaG.”, “HOLOTYPE/ Kempynus 

/ digoniostigma Oswald / J.D. Oswald 

1, Kempynus digoniostigma, wings (Las Trancas paratype, left wings photographically reversed). 

1991.” Condition: Excellent, no parts miss- 

ing. Terminalia cleared in KOH, stained 

with Chlorazol Black, and stored in a glyc- 

erin-filled microvial pinned below speci- 
men. 

Other material examined (1 6 and 3 2 

paratypes). ARGENTINA: Neuquén 

Prov.: | 6, “Lago Painun” [= ?Lago Pai- 

mun, 39°43’S 71°35’W], 10.iv.1956, 900 m 
(NMNH). CHILE: Malleco Prov.: 1 2, Cu- 

racautin [38°26’S 71°53’W], 11.1964, Pena 
(CAS); 1 2, Termas [de] Tolhuaca, 46 km 

N Curacautin, 15.11.1986, Peta (NMNH); 

Nuble Prov.: 1 9, Las Trancas [21 km E 

Recinto, ca. 36°50'S 71°30'W], 2.111.1968, 
Flint & Pena (NMNH). 

Etymology.—The specific name is a 

noun in apposition derived from the Greek 

“di-” (two), ““gonia” (angle), and “‘stigma” 
(mark), in reference to the apical forewing 

maculation. 

Comments.—I have examined only one 

male specimen that possesses the zigzagged 

forewing maculation of digoniostigma and 

tjederi. This specimen is here tentatively re- 

ferred to digoniostigma on the basis of its 
prominent and distinctly biangulate fore- 
wing maculation and its size—its 29 mm 

forewing length being more similar to the 

average forewing length of digoniostigma fe- 
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Figs. 3-7. 

apex, ventral. 5-7, Kempynus tjederi (holotype). 5, female abdominal apex, lateral. 6, female 8th sternite and 

subgenitale, ventral. 7, female spermathecal bulb. 

males, * = 32.0 mm, than it is to the fore- 
wing length of the holotype of tjederi, 22 
mm. However, additional males of both di- 
goniostigma and tjederi are needed to assess 

intra- and interspecific variation in these 

traits and to judge their suitability as rec- 
ognition traits. 

Kempynus tjederi Oswald, NEw SPECIES 

Figs. 2, 5-7 

Diagnosis.— Distinguished from other 
South American Kempynus species by the 

following forewing character combination 

[Fig. 2]: (1) forewing with a distal biangulate 

macula [macula somewhat broken in ho- 

lotype], and (2) proximal third of forewing 

subcostal space with 2-3 well-delimited fus- 

cous spots. The following female terminalic 

characters are also distinctive: (1) distal lobes 

of subgenitale short, and each with a prom- 

inent lateral angle or lobe [Fig. 6], and (2) 

spermathecal bulbs J-shaped [Fig. 7], not 

subspherical or bilobed. 

Description (holotype female; male un- 
known).— FOREWING (Fig. 2): Length: 22 

mm. Shape: narrow and elongate, apex an- 

3, 4, Kempynus digoniostigma (holotype). 3, female abdominal apex, lateral. 4, female abdominal 

gulate, posterodistal margin very slightly 

falcate. Coloration: membrane and veins ir- 
regularly irrorate with fuscous on a hyaline 

ground; maculations similar to digoniostig- 

ma, but (1) basal third of subcostal space 

with 2-3 distinct fuscous maculae, and (2) 

biangulate mark broken near wing apex [Fig. 

2]. Venation: as in Fig. 2. 

Female terminalia (Figs. 5—7): Eighth ter- 

gite with lateral margins produced ventrally 

and enclosing spiracles of eighth somite. 

Eighth sternite transverse anteriorly, anter- 

omedian process absent, sternite produced 

laterally as a pair of rounded lobes, antero- 

lateral angles articulated to anterior angles 

of 8th tergite. Ninth tergite, ectoprocts, and 

9th gonocoxites similar to digoniostigma. 

Subgenitale constricted at base, lobes me- 

dially concave as in digoniostigma, but 
shorter, and each with a prominent lateral 

angle or bulge; space between lobes broadly 

rounded proximally. Female genital tract 

components as in digoniostigma, except 

spermathecal bulbs J-shaped (Fig. 7), not 

bilobed. 
Distribution.—Currently known only 
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from the type locality: El Coigual, Curico 

Prov., Chile. 

Primary type.— Holotype 2 (NMNH). 

Type locality: CHILE: Reg. Maule: Curico 
Prov.: El Coigual [= ?El Coigo, 40-50 km 

SE Curico, ca. 35°10’'S 71°50'W]. Verbatim 

label data [bracketed material added]: 
“CHILE. Cord{illera]. Curico / El Coigual 

/ 21/25-I-1964 / leg. L.E. Pena” (white rect- 

angle), “HOLOTYPE / Kempynus / tjederi 

Oswald / J.D. Oswald 1993” (red rectangle). 

Condition: Excellent, tip of right antenna 

missing, otherwise complete. Terminalia 

cleared in KOH, stained with Chlorazol 

Black, and stored in a glycerin-filled micro- 
vial pinned below specimen. 

Other material examined.— None. 

Etymology.—The specific name is an 

honorific derived from the surname of the 
late Swedish entomologist Bo Tjeder (d. 

1992), who—many years ago—recognized 

that Kempynus contained at least one un- 

described species in South America that 

possessed a zigzagged maculation at the apex 

of the forewing (P.A. Adams, in litt.). 

NEw RECORDS OF SOUTH AMERICAN 

KEMPYNUS SPECIES 

Kempynus crenatus Adams, 1971 

Previously reported distribution.—AR- 

GENTINA: Neuquén Prov.; CHILE: Nuble 

Prov. (Adams 1971). 

New records (2 specimens: | 64, 1?).— 

CHILE: Nuble Prov.: 1?, Las Trancas, 21 

km E Recinto, nr. high waterfall, 1300 m, 
17.1.1979, Davis & Akerbergs (NMNH); 1 

6, Shangri-la, SW side Volcan Chillan, 1600 
m, 19-21.1.1979, Davis & Akerbergs 

(NMNH). 

Kempynus falcatus Navas, 1912 

Previously reported distribution. —AR- 

GENTINA: Neuquén Prov.; CHILE: Ay- 

sén, Bio Bio, Cautin, Chiloé, Curico, Lina- 

res, and Malleco Provs. (Adams 1971). 

New records (51 specimens; 26 4, 25 2).— 

ARGENTINA: Chubut Prov.: | 4, Arroyo 
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Irigoyen, P[arque] N[acional] Los Alceres, 

291.1987, Flint & Flint (NMNH); Neuquén 

Prov.: 1 8, 1 2, Pucara, 15.1.1974, Schajor- 

skoy [= Schajovskoy] (NMNH); | 4, Pucara, 
P[arque] Nac[ional] Lanin, 11.1952, Scha- 

jorskei [= Schajovskoy] (NMNH); 7 4, 6 8, 

Rio Nonthue, Est[{acion] For[estal] Pucara, 

28-31.1.1974, Flint (NMNHa [a = alcohol 

collection, others pinned]). CHILE: Arauco 

Prov.: 1 4, 1 2, W Pichinahuel, Cord[illera] 

Nahuelbuta, 900 m, 14-16.1.1988, Pena 

(NMNH); BIO-BIO Prov.: 3 2, Caledonia, 

E Mulchén, 700-900 m, 6-15.11.1981, Pena 

(NMNH); Cautin Prov.: | 2, Fundo el Coig- 

ue, 27 km NE Villarrica, 500 m, 28.11./ 

3.111.1979, Davis & Akerbergs (NMNH); | 

6, Willarrica, 12.11.1964, Cekalovic 

(NMNH); Chiloé Prov.: | 2, Pio-Pio, 15 km 

NW Quellén, 10-11.111.1987, Pena 

(NMNH); | 6, Ahoni Alto, 30 km SE Chon- 

chi, 1.-11.1989, Pena (NMNHa); Linares 

Prov.: | 6, Malcho, E Parral, 450 m, 7- 

8.1.1988, Pena (NMNH); Nuble Prov.: | 4, 

2 2, Recinto, 22—23.1.1979, 800 m, Davis & 

Akerbergs (NMNH); | 4, near coastal 

stream, 17.5 km S Curanipe, 50 m, 

25.1.1979, Davis & Akerbergs (NMNH); 

Osorno Prov.: | 4, 1 2, P[arque] N[acional] 

Puyehue, Ag[uas] Calientes to 2 km S, 600 
m, 10—22.11.1979, Davis & Akerbergs 

(NMNH); | 4, | 2, P[arque] N[acional] Puy- 

ehue, Lago El Toro, 7-8.11.1978, Flint & 

Flint (NMNH),; 3 9, P[arque] N[acional] 

Puyehue, Rio Anticura, 31.1/13.11.[19]78, 
Flint & Flint (NMNH); Valdivia Prov.: | 9, 

36 km W La Union, 25-28.11.1987, 600 m, 
Pena (NMNH); 4 2, | 2, Las Truncas, W La 

Union, 5—10.ii.1988, 500 m, Pena (NMNH); 
4 4,39, Conaripe, 7.11.1986, Pena (NMNH). 
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NOTE 

A Parasite Freraea montana (Diptera: Tachinidae) and 

Hyperparasite Trichomalopsis sarcophagae (Hymenoptera: 

Pteromalidae) of an Adult Ground Beetle Amara quenseli 

(Coleoptera: Carabidae): New Host Associations Discovered in Idaho! 

Parasites of adult Carabidae appear to be 
quite rare in North America. Previously re- 

ported cases involve: Centistes laevis (Cres- 

son) (Hymenoptera: Braconidae), which at- 

tacks Amara exarata Dejean (Marsh, P. M. 

1979. In Krombein, K. V. et al., eds., 

Smithsonian Institution Press, Washington, 
D.C., p. 268), Sitophaga spp. (Diptera: Ta- 

chinidae) parasitizing Carabus sp. and Cal- 

osoma sp., and an unidentified tachinid at- 

tacking Prerostichus sp. (Arnaud, P. H., Jr. 

1978. U.S.D.A. Miscellaneous Publication 

No. 1319. U.S. Government Printing Of- 

fice, Washington, D.C., pp. 21 and 44). 

Therefore, it was of interest when we found 

the remains of five dead Amara quenseli 

Schénherr with one or two empty puparia 

in their abdomens. Prompted by this ob- 

servation, we collected 14 live, adult 4. 

quenseli (Hells Gate State Park, 4 miles S. 

of Lewiston, Nez Perce Co., ID, 2 May 1985, 

T. D. Miller and J. B. Johnson) and brought 

them to the laboratory for observation. 

When the cage was checked on 20 May 

1985 three adult flies were observed. These 
were determined to be Freraea montana 

(Coquillet) (Diptera: Tachinidae) (formerly 

Eugymnogaster [Wood, D. M. 1987. In 

McAlpine, J. F. et al., eds., Agriculture Can- 

ada Monograph No. 28. Canadian Govern- 

ment Publishing Centre, Hull, Quebec, p. 

1254]). This is the first report of a host for 

F. montana (Arnaud 1978). However, the 

European species, F. gagatea Robineau- 

Desvoidy is known to parasitize adult cara- 

bids, possibly including Amara aulica Pan- 

' Published with the permission of the director of 

Idaho Agricultural Experiment Station as research pa- 

per number 93734. 

zer (Herting, B. 1960. Monographien Zur 

Angewandten. Entomologie 16:163 [as F. 

albipennis (Zetterstedt)]). 

Amara quenseli is a holarctic species oc- 

curring across the northern U.S. and Can- 

ada (Lindroth, C. H. 1968. Opuscula En- 

tomologica Supplement 3, p. 694). It is 

common in the northwestern U.S. and 

southwestern Canada (Hatch, M. H. 1953. 

University of Washington Press, Seattle, p. 

128). Adults are active in dry, sandy areas 

with sparse vegetation throughout the sum- 

mer (Lindroth 1968). Freraea montana 1s 

known from Maine to Ohio and west to 

California, Washington and Alberta (Stone, 

A. etal. 1965. U.S.D.A. Agricultural Hand- 

book No. 276, p. 971). Thus, it 1s possible 

that their host-parasite relationship 1s spe- 

cific, at least within North America. 

On | June 1985, the cage was examined 

again and 11 wasps were observed. These 
were determined to be Trichomalopsis sar- 

cophagae (Gahan) (formerly Eupteromalus 

{Kamijo, K. and E. E. Grissell. 1982. Kon- 

tyu, Tokyo 50: 76-87]). Trichomalopsis sar- 
cophagae has been reported from Michigan, 

Kansas, Idaho, and Arizona (Burks, B. D. 

1979. In Krombein, K. V. et al., eds., 

Smithsonian Institution Press, Washington, 

D.C., p. 821). The only previously reported 

host is Kellymia kellyi (Aldrich) (formerly 

Blaesoxipha [Shewell, G. E. 1987. In 
McAlpine, J. F. et al., eds., Agriculture Can- 

ada Monograph No. 28. Canadian Govern- 

ment Publishing Centre, Hull, Quebec, p. 
1174]) (Diptera: Sarcophagidae) (Burks 

1979), which has been reported from On- 

tario to Kansas and west to British Colum- 

bia and New Mexico. Members of the genus 

are known to attack various insects, includ- 
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ing adult beetles (Stone et al. 1965). Exca- 

vation of the soil in the cage yielded a single 
puparium with a parasite emergence hole, 

but it seems unlikely that all 11 parasites 

emerged from a single puparium. The rel- 

ative sizes of F. montana and T. sarcopha- 

gae indicate that perhaps three wasps could 

have emerged from a single puparium, but 

related species known to the authors are sol- 

itary, e.g. 7. /eguminosus (Gahan). 
Voucher specimens are deposited in the 

collections of the U.S. National Museum 

(Trichomalopsis), the California Academy 

of Sciences (Freraea), and the W. F. Barr 

Entological Museum, University of Idaho 

(Amara, Freraea, and Trichomalopsis). 

We thank P. H. Arnaud, Jr. (Freraea), E. 

E. Grissell (Trichomalopsis) and D. Kava- 
naugh (Amara) for determination of the taxa 

involved in this study. 

James B. Johnson, Division of Entomol- 
ogy, University of Idaho, Moscow, Idaho 
83844-2339; Terry D. Miller, Department 

of Entomology, Washington State Univer- 
sity, Pullman, Washington 99164-6432. 
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Book REVIEW 

The Lepidoptera Form, Function, and Di- 

versity. Malcolm J. Scoble. 1992. Oxford 

University Press, New York, USA. 404 

pp. $64.00 (clothbound). 

This book should be on the shelf of every 

person who works with moths and/or but- 

terflies. It is full of basic facts that answer 

basic questions such as, “Why are moths 
attracted to light? How do Lepidoptera pro- 

duce sound? Generally, what do the im- 

matures of the Gelechioidea do? What work 

had been done on the relationships of the 

families of butterflies?” 
The book is divided into three parts. Part 

I describes the morphology and function of 
the adult head, thorax, and abdomen, im- 

mature stages, and structures of hearing, 

sound, and scent. It will serve as a compre- 

hensive reference and will be of interest to 
general readers. I was recently at a museum 

where, for the purpose of an exhibit, the 

question was asked, ““How does the pro- 

boscis of butterflies work?”’ The answer was, 
“Check Scoble’s book.” There are beauti- 
fully written sections that can be used sep- 

arately as reading for general biology classes 

such as ‘“‘Food substrates and what they pro- 
vide” with the interesting subheadings of 

“Water,” “Decaying organic matter,” ““Ex- 
uding sap of plants,” and “‘Honey dew,” 

“honey,” “‘blood,” “‘eye-exudates,”’ and 

“flowers.”’ Some sections provide useful in- 

formation, but are too short, and seem to 

belong to other sections. For example, the 

“Position of wings at rest’’ provides inter- 

esting information, but most of it would be 

better placed in ‘The functions of colour in 

Lepidoptera.” The chapter on “Immature 

stages” 1s a concise summary (a compre- 

hensive book on the subject, Jmmature In- 

sects by F. Stehr, was published in 1987). 

The chapter also includes four pages of 

beautiful color photos, one page dealing with 

resting posture in Lepidoptera and the other 

three with immature stages. Chapter 6 on 

“Hearing, Sound, and Scent’ may be the 

only summary of the scattered literature on 

this fascinating topic. On page 20 the names 

of two important pyraloid pests are mis- 

spelled (correct spellings are C. cautella and 

E. kuehniella or E. ktihniella). The illustra- 

tions were chosen with great care, but the 

quality is not consistent because many of 

the illustrations are copies of work already 

published. If funds had been available, it 

would have been more visually pleasing to 

have all the illustrations redone by one per- 
son. 

Part II is about the environmental and 

ecological importance of Lepidoptera. Al- 

though it includes some interesting topics 

such as, “The potential for environmental 

impact,” ““Why do caterpillars eat plants?” 

“Pollination,” “Silk production,” in com- 

parison with Parts I and III, it almost seems 

an afterthought. The topics are addressed 

superficially and lack information available 

in the ecological literature. There are other 

omissions; for example, “Lepidoptera as 

prey” makes no mention of spiders as pred- 

ators. There is a paucity of citations 

throughout. For example, the paragraph on 

the coevolutionary interaction between 

Passiflora and Heliconius has no citations. 

I hope that in the next edition Part II will 

be more comprehensive or deleted and its 

various sections included elsewhere. 

Part III is a survey of lepidopteran di- 

versity and is as comprehensive as Part I. 

There is a well-written section at the begin- 

ning entitled ““The organization of Part III,” 

followed by a list of the superfamilies and 
families of Lepidoptera. Each family has a 

general description with numbers of species 

and distribution on a worldwide basis. This 

is followed by subsections on the “Adult,” 

“Immature stages,” “Biology,” ‘‘Fossil his- 

tory” (if available), “Classification,” and 

“Phylogenetic relationships.’ At the end of 
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the chapter, black and white photographs of 

one adult of each family, and in some cases 

more than one photograph for the larger 

families, are provided. The section on im- 

mature stages summarizes the information 

in Stehr’s book and adds information not 

included in that book or published since 

1987. I found the section on ‘Classifica- 

tion” and “Phylogenetic relationships” to 
be very interesting because it includes the 

most recent work on each family and the 

problems still unresolved with respect to 

phylogeny. Again, citations are missing. For 

example, under the Pterophoridae Scoble 

writes, “The family has been placed often 

in Pyraloidea or Alucitoidea. However, there 

is no obvious reason for associating Ptero- 

phoridae with either of these superfami- 

lies.” There have been various papers dis- 

cussing the placement of this family which 

the reader could refer to for further infor- 
mation. I found only one major error. Un- 

der Thyrididae he refers to the “Thyatiri- 

dae.’’ Scoble also attempts to include 

subfamily descriptions for the Noctuidae, 
Saturniidae, Lycaenidae, etc. The infor- 

mation available varies from family to fam- 

ily and attempting to generalize at the tax- 

onomic level of subfamily can often lead to 
vagueness and sometimes inaccuracies. 

Scoble stated that the Pyraloidea are divid- 

ed into two lineages, but failed to clearly 

point out that the latest proposal by Minet 

(1980, 1982) designated the two lineages at 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

the family level as Pyralidae and Crambi- 

dae. Scoble inaccurately states, ‘‘Minet 

(1982) recognized 25 subfamilies of the Py- 
ralidae,...” Minet (1982) actually recog- 

nized 23 subfamilies in the Pyraloidea, not 

25 and not all in the Pyralidae. More pre- 

cisely, Minet (1982) proposed seven sub- 

families in the Pyralidae and 16 subfamilies 
in the Crambidae. 

This book has a few shortcomings beyond 

the control of the author. In an ideal world 
it would be possible to redo all the illustra- 

tions to make them consistent and to in- 

clude all the research involving Lepidop- 

tera. For example, this book doesn’t include 

any information on the genetics of Lepi- 

doptera. The other weaknesses, such as in- 

accuracies and lack of citations, could be 
corrected in the next edition by better ed- 
iting and review by specialists in the various 

fields. But these shortcomings are small in 
comparison with the worldwide scope and 

amount of information packed into this vol- 

ume. It is an outstanding contribution to 

Lepidopterology well worth having on your 

bookshelf, especially because of the com- 

prehensive treatment on morphology and 

classification. 

M. Alma Solis, Systematic Entomology 

Laboratory, PSI, Agricultural Research Ser- 
vice, USDA, % National Museum of Natural 
History, NHB 168, Washington, D.C. 

20560. 
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Book REVIEW 

Australian Weevils (Coleoptera: Curcu- 

lionoidea). Volume V, Colour plates 1- 

304 (1991), x + 633 pp. Volume VI, Col- 

our plates 305-632 (1992), vil + 707 pp. 

Elwood C. Zimmerman. CSIRO, Austra- 

lia. Cloth. $200.00 each. 

These two volumes are the first of a pro- 

jected series of eight volumes treating the 

weevils (Insecta: Coleoptera: Curculiono- 

idea) of Australia. This is an ambitious pro- 

ject treating one of the most diverse super- 

families of animals. It is difficult, however, 

to evaluate the scientific merit of this en- 

deavor until additional volumes are pub- 

lished: these two volumes contain intro- 

ductory comments and photographs only. 
Volume V includes photographs for an- 

thribids, belids, nemonychids, rhynchitids, 

carids, brentids, eurhynchitids, apionids, 

rhynchophorids, erirhinids, amycterines, 

and some adelognaths, while volume VI in- 

cludes photographs for some of these taxa 
as well as the remaining curculionoids. There 

are some problems with the presentation 

and arrangement of these photographs, and 

this is readily admitted by Zimmerman. For 

example, some photographs that should 

have appeared in volume V are in volume 

VI: having the photographs out of system- 

atic order complicates using this work for 

identifications. 

The photographs are especially well done. 

Each specimen was, when necessary, re- 

mounted so it is clean, with the appendages 

rearranged for a useful habitus. Although 

not all species known from Australia are 

represented, those that are included are rep- 

resented by a dorsal and lateral habitus pho- 

to. Almost every valid genus is represented 

by photographs of at least one species, and 

a number of undescribed taxa are repre- 

sented as well. Virtually all of the plates are 

photographs of type specimens or speci- 

mens compared with the types. Most of the 

plates have eight photographs, so there are 

over 5000 photographs in these two vol- 

umes. 
The final six volumes (I-IV, VII, VIII) 

will include text as well as black and white 

photographs. In Zimmerman’s introducto- 

ry remarks, he repeatedly stresses the 1m- 

portance of illustrations over descriptions. 

This may be valuable for certain types of 

identifications, but illustrations alone do not 

justify changes in classification. Here, char- 

acter data is of paramount importance for 

elucidating relationships. Why, for exam- 

ple, are erirhinids and rhynchophorids giv- 

en family rather than subfamily status? Per- 

haps this will be addressed in subsequent 

volumes, but photographs alone do not ex- 

plain nor justify such a conclusion. 

A fair assessment of an eight volume work 

cannot be made by studying two volumes. 

This problem is compounded by having 

photographs only to evaluate. Nonetheless, 

this is an impressive effort, and this work 

will be of immense value for all interested 

in weevils or the insect fauna of Australia. 

James Pakaluk, Systematic Entomology 
Laboratory, USDA, % National Museum of 

Natural History, Smithsonian Institution 

MRC 168, Washington, D.C. 20560. 
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Book REVIEW 

Practical Taxonomic Computing. R. J. 

Pankhurst. Cambridge University Press. 

1991. xi + 202 pp. $49.95 (hardcover). 

This useful book will help any systematist 

enter the computer age. The author concen- 

trates his attention on automation of three 
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taxonomic tasks: data storage in databases, 

classification, and identification. More 
mundane aspects of computer use by sys- 

tematists, such as graphics and word pro- 

cessing, are not discussed. An introductory 

chapter gives a helpful summary of terms 

and some background information. 

The first section, on databases, also in- 

cludes definitions of terms and concepts, as 

well as discussion of automated description 

printing. Heavy reference to, or previous 

reading of, a more general database intro- 

duction, such as Townsend (1992. Intro- 

duction to databases. Que Corp., Carmel, 

Indiana. xvii + 359 pp.), will be beneficial 

to understanding this part. 

The section on classification will prove to 

be somewhat tiresome for those not inter- 

ested in a treatise on the supposed advan- 

tages of phenetics over cladistics. Although 

he promises in the introduction (page 4) not 

to discuss the “controversy” over the use 

of cladistic or phenetic classifications, Pank- 

hurst leaves little doubt where he stands on 

the issue. This would be fine if both were 
then presented in a neutral and detailed 

manner, but the section on cladistics is en- 

cumbered by a wearying chain of caveats 

for every grudgingly admitted capability of 

the technique. In the summary for this sec- 

tion, Pankhurst states that he doubts phy- 

logenetic reconstruction 1s “the best way to 

represent relationships between taxa,” a 

statement to which many systematists will 

take great exception. 

The third section, on identification, 

showcases the expertise of the author and 

is by far the best part of this book. Starting 

witn some basics of key types and key con- 

struction theory, he goes on to discuss com- 

puter identification using data stored in the 

DELTA format (Dallwitz 1980. A general 

system for coding taxonomic descriptions. 

Taxon 29: 41-46; Dallwitz and Paine 1986. 

User’s guide to the DELTA system —a gen- 
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eral system for processing taxonomic de- 

scriptions, 3rd ed. CSIRO Australian Di- 

vision of Entomology Report 13: 1-106). 

Next, both interactive and non-interactive 

key construction programs are examined, 

and a sample of an interactive key construc- 

tion session is included. Although DELTA 
novices might find some parts tough slog- 

ging, this is the most important and inter- 

esting section of the book. In spite of the 

many examples and detailed discussion, this 

chapter is not, nor does it pretend to be, the 

much-needed user friendly manual for the 

use of DELTA; instead, it shows what is 

currently possible with computer identifi- 

cation and, in chapter 7, describes some ap- 

plications that have been developed using 

this technology. 

Chapter 6, on the history of identification 

methods is short (three pages long) and mis- 

placed in a book of this type. Probably, it 

should have been edited out. Chapter 8 is 

an extremely sketchy discussion of expert 

systems, and forms the abrupt and unsat- 

isfactory end of the book. A discussion on 

the future of computer methods and how 

they will affect taxonomy, especially in the 

face of the accelerating loss of biodiversity, 
would have been welcome. 

There are two main generalizations to 

make about this book. The first is that a 
little familiarity with the actual programs 

described—i.e. a database, a classification 
program, and DELTA —will increase the 

utility of Pankhurst’s discussion  signifi- 

cantly. Secondly, it is obvious that the au- 
thor’s expertise and enthusiasm are concen- 

trated in the section about identification, 

and this is the part of the book to which we 

should pay the greatest attention. 

Brian V. Brown, Entomology Section, 
Natural History Museum of Los Angeles 

County, 900 Exposition Boulevard, Los An- 

geles, California 90007. 
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REPORTS OF OFFICERS 

SUMMARY FINANCIAL STATEMENT FOR 1993 

Special 

General Publications Total 

Fund Fund Assets 

Assets: November 1, 1992 $12,241.44 $111,126.70 $123,368.14 

Total Receipts for 1993 62,336.93 3,872.83 66,209.76 

Total Disbursements for 1993 64,338.59— 0.00 64,338.59— 

Assets: October 31, 1993 10,239.78 114,999.53 125,239.31 

Net Changes in Funds $ 2,001.66— $ 3,872.83 Sy eS Metz, 

Audited by the Auditing Committee, December 1, 1993, consisting of Robert D. Gordon, 
Ronald W. Hodges, and David R. Smith, Chairman. Presented to the membership at the 

meeting of December 2, 1993. 

REPORT OF THE PRESIDENT-ELECT, 1993 

2 December 1993 

Other than being on “Stand-by,” my ef- 
forts were spent on the Annual Banquet of 

the Society for 1993, which was co-hosted 

by the Maryland Entomological Society. 
The 986th Regular Meeting of the Ento- 

mological Society of Washington was held 
3 June 1993 in the Associates Court in the 
National Museum of Natural History, 
Smithsonian Institution, Washington, D.C. 
The main order of business was Enjoyment 

of the Annual Banquet. Fellowship was en- 

joyed during the reception, 6:30-7:30, and 

dinner was served from 7:30-8:30. 

Mistress of Ceremonies, Alma Solis, wel- 

comed members and guests and introduced 

the hosts of the two societies and their guests 

seated at the head table. I welcomed mem- 

bers and guests and introduced Russell 

Stewart, President of the Entomological So- 

ciety of Washington; Mary Fenton, Presi- 

dent, and Fred Paraskevoudakis, President- 

Elect of the Maryland Entomological Soci- 

Respectfully submitted, 
Norman E. Woodley, Treasurer 

ety. The hosts expressed greetings and made 

a few comments. 

I then introduced special guests Curtis W. 

Sabrosky, Honorary President of the Soci- 

ety, and Honorary Members Louise Russell, 

Karl V. Krombein, and Alan Stone. The 

Society thanks them for their many contri- 

butions to entomology and particularly to 

the Society. 

Alma Solis introduced the speaker for the 

evening, Dr. Dale Habeck, Department of 
Entomology and Nematology, University of 

Florida, who entertained us with his delight- 
ful slides and very entertaining talk entitled 
“Entomophily Expressed Philatelically and 

Deltiologically.”” An enthusiastic question 

and answer period followed and the meeting 

was adjourned at 9:45. 
The 83 tickets sold for the banquet was 

a slight increase from the previous year and, 

in addition to those already mentioned, I 

thank numerous members, especially Rus- 

sell Stewart and Wayne Mathis, who made 

suggestions, answered questions, and eased 

the process for me. The ticket sellers John 
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Davidson, Ralph Eckerlin, Mary Fenton, 

Charles Staines, Russell Stewart, Manya 
Stoetzel, Douglas Sutherland, and Holly 

Williams deserve special thanks and I thank 

my wife Phyllis who helped with many as- 

pects of organizing the banquet. 

Paul J. Spangler, 

President-Elect 

List OF NEW MEMBERS FOR 1993 

Peter J. Bilby 

David E. Bowles 

Brian V. Brown 

Fernand Daussin 

Timothy Foard 

Sarah M. Gladstone 

Terry L. Harrison 

Heron Huerta Jimenez 

Steven L. Keffer 

Peter P. Korch 

James L. Krysan 
Conrad C. Labandeira 

Kenneth R. Lakin 

Richard G. Little 

Varuni Mallampalli 

D. R. Oliver 

Richard J. Packauskas 

Ignatius Amah Parh 

Dan A. Polhemus 

Joseph C. Schaffner 
Mark C. Taylor 

Robin G. Todd 

Robert L. Zuparko 

Total: 23 

Dr. Karl Krombein was elected to Hon- 

orary Membership. 

Letters were sent to each of the applicants 

after his/her name was read at a regular 
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meeting. Several letters were sent in re- 

sponse to requests for membership appli- 

cations. All members are urged to invite 

their collegues and students to become 

members of the Society. 

Ralph P. Eckerlin, 
Membership Chairman 

Epitor’s REPORT 

Sixy-nine articles, 10 notes, seven book 

reviews, and one obituary were published 

in 1993 fora total of 660 pages. Page charges 

for book reviews, obituaries, and approxi- 

mately three articles per issue were defrayed 
by the Society. 

I thank Gary L. Miller for his persistence 

in obtaining a steady flow of informative 
book reviews. 

I am also grateful to A. G. Wheeler, Jr., 

for his labors in editing and channeling a 

large memoir now In preparation and to F. 

Christian Thompson for his efforts to set up 
an in-house system for publishing special 

publications. Although we have experi- 

enced some frustrating delays in producing 

our recent memoirs, I am confident that cer- 
tain obstacles will be overcome and two of 

these publications will appear in 1994. 

The Society is indebted to the many spe- 

cialists who served as reviewers for the 87 

manuscripts received in 1993. Their unsel- 

fish services are critical to maintaining the 

high-quality, peer-reviewed status of papers 

published in the Proceedings. 

Last but certainly not least, I thank Marie 
Westfall for her efficient, ever-faithful as- 
sistance in routing manuscripts. 

Thomas J. Henry, Editor 
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SociETY MEETINGS 

987th Regular Meeting—October 7, 1993 

The 987th Regular Meeting of the Ento- 

mological Society of Washington, was called 

to order by President Russell D. Stewart at 

The Log Lodge Visitor’s Center, Beltsville, 

Maryland, at 8:00 p.m. on October 7, 1993. 

Twenty members and five visitors were 
present. Minutes of the May meeting were 

read by President-elect Paul Spangler and 

approved as read. 

President Stewart called for reports from 
officers. Membership Chairman, Ralph P. 
Eckerlin, read the names of the following 

applicants for membership: Timothy Foard, 

University of Georgia, Athens, Georgia: 

Sarah M. Gladstone, CARE, New York, 

New York; Terry L. Harrison, Charleston, 

Illinois; Kenneth R. Lakin, APHIS, Forest 

Hill, Maryland; Richard G. Little, San Luis 

Obispo County Agricultural Department, 

San Luis Obispo, California; Richard J. 
Packauskas, Department of Ecology and 

Evolutionary Biology, University of Con- 

necticut, Storrs, Connecticut; Mark C. Tay- 

lor, Maryland Department of Agriculture, 
Annapolis, Maryland; Robin G. Todd, In- 

sect Control and Research, Inc., Baltimore, 

Maryland. 

President Stewart called for notes or ex- 

hibits. Harry Painter described a survey he 

and Ralph Eckerlin conducted in search of 

an unusual beetle, Leptinus orientamerican- 

us Peck (Leptinidae) found on mammals, 

principally moles and shrews. Leptinus or- 

ientamericanus is the only one of three Ne- 

arctic species that occurs east of the Mis- 

sissippi River. The survey was conducted 

in seven states in the eastern U.S. and dis- 

covered that the star-nosed mole, Condy- 

lura cristata, was a new host for Leptinus 

orientamericanus. With the addition of this 

record, all five genera of moles in North 

America are hosts of leptinids. The nar- 

rowed body form and backward-pointed 

spines on the tibiae of the beetle, which al- 

lows them to move rapidly through the fur 

of their hosts, were discussed and compared 

to similar characteristics on fleas. 

Russell Stewart, President, introduced the 

speaker for the evening, Mrs. Mignon Da- 

vis, Department of Entomology, Smithson- 

ian Institution, whose talk was entitled 

“King of Butterflies: John Fales and the 

Monarch.” Mrs. Davis’s talk supported the 

monarch butterfly as the national insect. 

First, she showed an 8-minute videotape of 

the National Academy of Sciences an- 

nouncement of “A Biological Survey for the 

Nation” by the Department of Interior. 

Next, she introduced a 19-minute videotape 

entitled, “King of the Butterflies” describ- 

ing Mr. John Fales work with the monarch 

butterfly. Mr. Fales has been marking and 

recapturing monarch butterflies for many 

years to investigate how far these insects are 

capable of flying. The videotape also pro- 

vides suggestions about methods for main- 

taining monarch butterfly populations, such 

as planting milkweeds and writing to vari- 

ous people in the government. The video- 

tape was scripted and produced by The 

Prince Georges’ County Schools Office of 
Television Resources. Mrs. Davis then in- 

troduced Mr. Fales, an active member of 

the Entomological Society of Washington. 

Mr. Fales described various methods he has 

used to mark and recapture these butterflies. 

For example, at one time he studied the 

homing capabilities of tiger swallowtails by 

marking them with roman numerals. Mr. 

Fales demonstrated how he now uses 3M 

super adhesive to attach a tag on the un- 

derside of the forewing, a method developed 
by Dr. Taylor of the University of Kansas. 
Mr. Fales also described the biology of the 

monarch butterfly, including a discussion 

on the predators and parasites. He sum- 

marized scientific research conducted on the 

monarch butterfly, but also pointed out that 
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there are still many unanswered questions. 

He has published some of his results in 

newsletters of local societies that have been 

formed to study monarchs. Finally, Mr. 

Fales believes the monarch is back and out 

of trouble, but the problem of habitat de- 

struction in Mexico still exists. There was 

a lively discussion afterward. 

Our visitors were introduced and the 

meeting was adjourned by President Stew- 

art at 9:45 p.m. After the meeting refresh- 

ments were provided by Mrs. John Fales. 
It was also an 80th birthday celebration for 

John Fales. 

M. Alma Solis, Recording Secretary 

988th Regular Meeting— 

November 4, 1993 

The 988th meeting of the Entomological 

Society of Washington was called to order 

by President Russell Stewart in the Natu- 

ralists’ Center of the Natural History Build- 
ing at 8:00 p.m. on November 4, 1993. Six- 

teen members and five guests were present. 
Minutes of the October meeting were read 

by Recording Secretary Alma Solis and ap- 

proved as read. 

President Stewart called for reports from 

officers. Membership Chairman, Ralph 
Eckerlin read the names of the following 

applicants for membership: Heron Huerta 

Jimenez, D. F. Mexico; Joseph C. Schaffner, 
Dept. of Entomology, Texas A&M Univer- 

sity, College Station, Texas; Ignatius Amah 

Parh, Dept. of Plant Protection, University 

of Dschang, Dschang, Cameroon. 

Nominating Committee Chairman, Jeff 

Aldrich, provided a slate of officers pro- 

duced by the Nominating Committee that 
included Wayne N. Mathis and Don R. Da- 
vis. Thomas Henry for Editor, Hollis Wil- 

liams for Corresponding Secretary, Norman 

Woodley for Treasurer, M. Alma Solis for 

Recording Secretary, and Ralph Eckerlin for 

Membership Chairman were re-nominated 
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except for the following: John W. Neal, Jr., 
President-Elect; Program Chair, Nathan M. 

Schiff; and Custodian, James Pakaluk. The 
slate will be voted on at the Annual meeting 

on December 2. 

President Stewart called for notes and 

specimens. Ted Spilman brought three 

books to pass around: Thomas Say New 

World Naturalist (1992), by Partrica Tyson 

Stroud, University of Pennsylvania Press, 
Philadelphia, $24.95; Spiders of Panama 
(1993) by Wolfgang Nentwig, Sandhill Crane 
Press, Inc., Gainesville, Florida, $35.00; The 
Insect and Spider Collections of the World 
(1993) by Ross H. Arnett, Jr., G. Allan Sam- 

uelson, and Gordon M. Nishida, Sandhill 

Crane Press, Inc., Gainesville, Florida, 

$35.00. Ralph Eckerlin passed around a fly- 
er for the Appalachian Biogeography Sym- 

posium to be held in 1995 at VPI, Blacks- 
burg, Virginia. Jeff Aldrich brought a stink 

bug and pointed out that they make excel- 

lent pets because all they need are sunflower 

seeds and water. 

Russell Stewart, President, introduced the 

speaker for the evening, Mr. Charles L. 

Staines, Maryland Department of Agricul- 

ture, whose talk was entitled ““A Hispido- 

logical Potpourri.” Mr. Staines provided an 

overview of the chrysomelid hispine bee- 

tles. He began with a short history of work- 

ers in this group beginning with Linnaeus 

up to Erik Uhmann, who updated the Co- 

leopterorum Catalogus from 1957 to 1964. 

Mr. Staines pointed out that there are very 

few keys for identification of New World 

species and his goal is to produce keys to 

the New World genera and species. Larvae 

have been poorly studied, but E. Ford and 

J. Cavey have published an excellent work 

on the larvae of eastern U.S. hispines. 

Mr. Staines presented and described many 

genera; in each case he provided informa- 

tion about feeding habits and larval mor- 

phology. He also reviewed the characters he 

uses to identify the genera, especially the 

number of antennal segments and number 
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of elytral puncture rows and costae, when 

present. His research has focused on nine 

genera in the tribe Uroplatini where he has 

found the male and female genitalia of no 

taxonomic value. He described the genera 
Brachycoryna, Stenopodius, Fossispa, Oc- 
totoma, and Acritispa in great detail and 

provided an overview of the species in some 

cases and provided morphological and life 

history information. There are still many 

taxonomic problems to be solved in this 

group. There appears to be similar genera 

or congeneric species in both the Old and 
New World, but no tribe is shared by both 

the New and Old World. It is not clear that 

the tribes Chalepini and Uroplatini are nat- 

ural groups. At the subfamily level, the dis- 
tinction between Hispinae and Cassidinae 

is not clear. Hispines have the pronotum 

narrower than the base of the elytra, the 

head is visible to behind the eyes, and the 

scutellum Is visible. Cassidines usually have 

a broad expansion on the elytra and pro- 

notum and the head is hidden by the pro- 
notum and is not visible from above. In the 

larvae, hispines have eight pairs of well-de- 

veloped and dorsally located abdominal 

spiracles, and the eighth abdominal seg- 

ment has a free hind margin. On the other 

hand, cassidines have the eighth pair of ab- 

dominal spiracles vestigial and caudal ap- 

pendages are present. 
Mr. Staines stated that there are many 

obstacles for the “unattached” taxonomist, 

or rather a taxonomist with no formal af- 
filiation and/or who is not paid to do this 

work. Loans are sometimes difficult to ob- 
tain from some museums, page charges are 
expensive, although waivers can be ob- 

tained for short papers, illustrations are ex- 

pensive unless you can do them yourself, 

and an institutional association is necessar- 

ry in order to apply for grants. Taxonomists 

working in other fields are an untapped re- 

source who should be encouraged and pro- 

vided with resources when possible. 

Our visitors were introduced and the 
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meeting was adjourned at 9:04 p.m. After 

the meeting refreshments were provided by 

Ms. Josie Babin. 

M. Alma Solis, Recording Secretary 

989th Annual Meeting— 

December 2, 1993 

The 989th Annual Meeting of the Ento- 

mological Society of Washington was called 

to order by President Russell D. Stewart in 

the Naturalists’ Center of the Natural His- 

tory Building at 8:00 p.m. on December 2, 

1993. Seventeen members and ten guests 

were present. Minutes of the November 

meeting were read by Recording Secretary 

Alma Solis and approved as read. 

President Stewart called for officers’ re- 

ports. Membership Chairman, Ralph D. 

Eckerlin read the names of three applicants 

for membership, Marc E. Epstein, Depart- 

ment of Entomology, Smithsonian Institu- 

tion, Washington, D.C.; Darlene Judd, De- 

partment of Entomology, Smithsonian 

Institution, Washington, D.C.; Katherine 

Schick, Bohart Museum of Entomology, 

University of California, Davis, CA. He re- 

ported a total of 23 new members for 1993 

and that Karl Krombein was elected an 

Honorary Member. The report by the Ed- 

itor, Thomas Henry, was read by M. Alma 

Solis. Sixty-nine articles were published for 

a total of 660 pages. T. Henry also thanked 

Gary L. Miller, Book Review Editor, A. G. 

Wheeler, Jr., Special Publications Editor, 

and F. C. Thompson for their service to the 

society. He thanked the reviewers of the 

journal articles and Marie Westfall for as- 

sistance. The report by the Custodian, Na- 

talia Vandenberg, was read by Russell Stew- 

art. During 1993 $1424.90 was received 
from sales of memoirs and miscellaneous 

publications. N. Vandenberg also thanked 

Sara Donahue and Ed Brodie who helped 

with mailings and record keeping. The re- 

port by the Corresponding Secretary, Hollis 
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Williams, was read by Russell Stewart and 

reported writing a number of letters on be- 
half of the society. President-Elect Paul 

Spangler reported on the annual banquet. 

Eighty-three members and guests attended 

the annual banquet on June 3, 1993. He 

thanked Russell Stewart and Wayne Mathis 

for help, as well as the many ticket sellers. 

Dave Smith read the financial report by 

Treasurer Norman Woodley that showed 

the society to be solvent. Outgoing Presi- 

dent Stewart thanked the officers and the 
society. 

The slate of officers for 1994 was pre- 

sented by Nominating Committee Chair- 
man, Jeff Aldrich: 

President— Paul J. Spangler 

President-Elect—John W. Neal, Jr. 
Recording Secretary—M. Alma Solis 

Corresponding Secretary—Hollis B. Wil- 
liams 

Treasurer— Norman E. Woodley 

Program Chairman— Nathan M. Schiff 

Membership Chairman—Ralph Eckerlin 
Custodian—James Pakaluk 

Editor—Thomas J. Henry 

The motion to accept the slate was made 

by W. Bickley, seconded by H. Painter, and 

was voted upon and unanimously accepted 

by the members present. 

President Stewart called for notes and 

specimens. William Bickley brought a book 

entitled Physicians Guide to Arthropods of 

Medical Importance (1993) by Jerome God- 

dard, CRC Press, Inc., Ft. Lauderdale, Flor- 

ida, $95.00. Warren Steiner brought some 

live and pinned specimens of the coccinel- 

lid, Harmonia axyridis (Pallas). It has been 

found recently in houses and is a new record 
for northern West Virginia. Ray Gagne gave 

an illustrated report on an apparently new 

species of gall midge (Diptera: Cecidomyi- 

idae) he found this last spring in flower buds 
of pinksterflower (Rhododendron nudiflo- 

rum) in Maryland. Most known plant-feed- 
ing gall midges in Northeastern North 

America diapause as third-instar larvae. 

Larvae of the new species on pinksterflower 

(see meeting minutes of May 6, 1993, Proc. 

Entomol. Soc. Wash. 95: 653) were reared. 

No adults emerged all summer as expected, 

but during the first week of November 1993, 

he noticed adults emerging. He examined 
the host plant in Beltsville, MD, in a wild 

situation where he found eggs between outer 

flower bud scales and positioned so that the 

larval heads pointed toward the plant apex. 

By diapausing as a first instar, the species 

has stolen a march on spring: it no longer 

needs to risk possible frozen ground in early 

spring that would delay its emergence and 

exploitation of the early developing flowers 
of the pinksterflower. 

President Russell Stewart introduced the 

speaker for the evening, Dr. Richard L. Orr, 

of USDA, APHIS, whose talk was entitled 
“Notes on the Natural History and Distri- 

bution of Maryland Odonata.” Dr. Orr de- 

scribed the biology of odonates based on his 

work in Maryland. Most of his photograph- 
ic slides were taken by Bob Honig with 

whom he is writing a book entitled Drag- 

onflies of Texas. There are 5000 species of 

odonates in the world and 425 species in 

North America north of Mexico. He has 

been conducting studies in the Maryland 
Patuxent area where he has collected over 

a 100 species, nine of which were not known 

to occur in Maryland. He has also found 
species that were previously thought to be 

rare and are now common. There are two 

suborders in North America: Anisoptera or 

the dragonflies and Zygoptera or damsel- 

flies. Dragonflies are recognized by the dif- 

ferent shape and venation between the fore- 
wing and hindwing and by holding their 

wings out when resting. In damselflies the 

wing venation is the same in both wings and 

they hold their wings over the top of their 

body. Odonates lay eggs near water and 

hatch in one to three weeks unless they go 

into diapause. The larval stage is 30-40 days 

in temporary situations, but can be as long 

as 6-7 years in northern habitats. The larvae 
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have an expandable labium which is indic- 

ative of their predatory lifestyle. Damselfly 
larvae have anal gills which are lacking in 

dragonflies. Mortality is highest at the larval 
stage. Dragonflies are visual animals. Their 

compound eyes are the largest and most 

complex of the insects with over 360 degrees 

in the vertical and horizontal fields. Highest 

acuity is dorsal and central because they 
attack prey from below. The faces are dis- 

tinctly colored and species, age, and sex rec- 

ognition are based on colors. He showed a 

slide of a dragonfly looking at itself in a 

mirror and it was poised in an attack posture 

with its abdomen up. Besides the face, there 

are color differences in the abdomen and on 

the wings. Legs are modified for holding 
prey and are different in dragonflies and 
damselflies. The legs of dragonflies form a 
basket because they attack from behind and 

below. Damselflies do not have pronounced 

differences in the legs because they always 

hunt prey from above. The wing veins are 
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corrugated to give strength and the wings 

beat alternately. Odonates migrate and he 

found three species migrating through 

Maryland. The position of the wings also 
aids in thermoregulation. Reproduction in 

odonates is complex. They have two sets of 

genitalia on abdominal segment 2-3 and 9. 

Males and females exhibit tandemism, that 

is, the male claspers are attached to the fe- 

male prothorax. The male protects the fe- 

male from other male advances, but they 

are highly susceptible to predation at this 
time. Males can also remove sperm from 

previous matings. 

Our visitors were introduced and Presi- 

dent Russell Stewart transferred the gavel 

to President-Elect Paul Spangler. Russell 
Stewart adjourned the meeting at 9:25 p.m. 
and refreshments were provided by Harold 

Harlan. 

M. Alma Solis, Recording Secretary 
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LARVAL KEY TO GENERA AND SELECTED SPECIES OF 
NORTH AMERICAN COCCINELLIDAE (COLEOPTERA) 

BRYANT E. Rees,! DONALD M. ANDERSON, DAvID BOUK, 

AND RoBERT D. GORDON? 

(BER) Professor Biology, Emeritus, California State University, Fresno, California 93740; 

(DMA) Systematic Entomology Laboratory, PSI, Agricultural Research Service, USDA, 

% U.S. National Museum of Natural History, Washington, D.C. 20560; (DB) 1225 Martha 

Custis Drive, Alexandria, Virginia 22302; and (RDG) Systematic Entomology Laboratory, 

PSI, Agricultural Research Service, USDA, % U.S. National Museum of Natural History, 

Washington, D.C. 20560. 

Abstract.—An illustrated key to the larvae of 46 of the 60 genera of North American 
Coccinellidae is presented. The 14 genera not included are Blaisdelliana Gordon, Bru- 
moides Chapin, Ceratomegilla Crotch, Decadiomus Chapin, Didion Casey, Exoplectra 

Mulsant, Gnathoweisea Gordon, Helesius Casey, Hyperaspidius Crotch, Macronaemia 

Casey, Nipus Casey, Pseudoazya Gordon, Selvadius Casey, and Zilus Mulsant. 

Key Words: 

Progress 1n larval taxonomy has custom- 

arily lagged behind that of the adult stage 
throughout the holometabolous insects and 

the Coccinellidae are no exception. A means 

of identifying the prevalent larval stage is 

especially important because ladybeetles of 

several genera have become important to 

biological control programs. Previous keys 

by Boving (1917), Gage (1920), Storch 

(1970), and LeSage (1991) are not compre- 

hensive enough to meet current needs for 
identification, even to genus, of North 

American ladybeetle larvae. 

Larvae of Palaearctic ladybeetles have 

been much more extensively studied and 

can be identified to genus more readily than 

' Deceased May 1985. 

* Author for reprint requests. 

Coccinellidae, North America, larvae, taxonomy, key 

their Nearctic counterparts. Principal pub- 

lications on the Palaearctic fauna are those 

of van Emden (1949), Savoiskaya (1960, 
1962, 1964a, 1964b, 1983), Kamiya (1965, 
1966), Sasaji (1968a, 1968b), Klausnitzer 

(1970), Tao and Chiu (1971), Savoiskaya 

and Klausnitzer (1973), Sasaji and Tjubo- 
kawa (1983), and Majerus and Kearns 

(1989). 
During his tenure (1940-1947) asa USDA 

curator, Bryant Rees prepared an illustrated 

manuscript key to larval genera and species 

of Coccinellidae deposited in the U.S. Na- 

tional Museum of Natural History collec- 

tion. Years later, David Bouk incorporated 

additional North American genera and 1l- 

lustrations, and deleted some genera not 

represented in North America. Finally, An- 

derson and Gordon expanded the work to 

include all North American genera for which 
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(SEGMENTS 1-9) 

Fig. 1. Basic structures of larval Coccinellidae. Neoharmonia venusta, entire larva, dorsal view. 
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Basic structures of larval Coccinellidae. A. Catana clauseni, head, dorsal view. B-D, Hippodamia 

convergens: B. Labium and maxillae, ventral view. C. Leg, except for coxa, lateral view. D. Left mandible, dorsal 

view. 

larval specimens were accessible, thus pro- 

ducing a publication that would comple- 

ment the keys to genera of adults by Gordon 

(1985), Gordon and Vandenberg (1991), and 

pupae by Phuoc and Stehr (1974). 

Forty-six of the 60 North American gen- 
era are included in this key. The 13 genera 

not included, because larval specimens are 

not available, are: Blaisdelliana Gordon, 

Brumoides Chapin, Ceratomegilla Crotch, 
Decadiomus Chapin, Didion Casey, Exo- 

plectra Mulsant, Gnathoweisea Gordon, 

Helesius Casey, Hyperaspidius Crotch, 
Macronaemia Casey, Nipus Casey, Pseu- 

doazya Gordon, Selvadius Casey, and Zilus 

Mulsant. 
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3 

Terminology of armature of larval Coccinellidae. A. Seta (left) and a collar seta (right). B. Chalazae. 

C. Scolus. D. Parascolus. E. Struma. F. Verruca. G. Sentus. 

The illustrations contained herein were 

done by several different illustrators over a 

period of years, hence they are not uniform 

but rather reflect the style of each artist. In 

several instances structures shown were 
drawn from taxa not represented in North 

America. Because cost is a major factor in 
producing a publication needing many il- 

lustrations, available illustrations were uti- 

lized wherever possible as long as they ac- 

curately reflected the character(s) in 

question. Genera mentioned in the key but 

not occurring in North America are Catana, 

Halyzia, Ortalistes, Synonycha, and Tyt- 
thaspis. In many cases figures of taxa ap- 

pearing previously in the key are repeated 

because they best illustrate a pertinent char- 

acter. 

TERMINOLOGY 

Ladybeetle larvae possess armature of the 

body wall in the form of variously shaped 
setose projections. Each type of projection 

has a name, therefore this terminology must 
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Figs. 4-9. Habitus views. Fig. 4, Microweisea misella; 5, Coccidophilus sp.; 6, Delphastus pusillus; 7, Zagloba 

sp.; 8, Cephaloscymnus sp.; 9, Stethorus sp. 
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Figs. 10-15. Habitus views. Fig. 10, Nephaspis oculata; 11, Cryptolaemus montrouzieri, 12, Scymnus (Pullus) 

sp.; 13, Nephus sp.; 14, Diomus roseicollis, 15, Decadiomus pictus. 



VOLUME 96, NUMBER 3 393 

SS ios 
See Gian : 
Se An jen a 

= 

Se 
BS 

Figs. 16-21. Habitus views. Fig. 16, Hyperaspis signata; 17, Cryptognatha nodiceps; 18, Arawana scapularis, 

19, Exochomus marginipennis; 20, Chilocorus stigma; 21, Ortalistes rubidus. 
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Sy 
ny 

Figs. 22-27. Habitus views. Fig. 22, Coccidula rufa; 23, Rhyzobius lophanthae; 24, Rhyzobius forestieri;, 25, 

Rodolia cardinalis, 26, Azya sp., 27, Anisosticta sp. 
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31 32 

Figs. 28-33. Habitus views. Fig. 28, Paranaemia vittigera; 29, Naemia seriata: 30, Coleomegilla maculata; 
31, Coleomegilla maculata fuscilabris; 32, Hippodamia undecimnotata; 33, Hippodamia convergens. 
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be understood before keys or descriptions 

can be utilized. The following glossary of 

terms has been modified from Gage (1920). 

collar seta 

chalaza 

parascolus 

struma 

verruca 

sentus 

scolus 

Seta, surrounded by a raised 

collar at the base (Fig. 3A, 
right). 

Projection of the body wall 

bearing a seta (Fig. 3B). 

Branched projection usually 

more than 5 times as long as 

wide, each branch with a 

single terminal seta (Fig. 3C). 

Shortened, modified scolus 

covered by chalazae (Fig. 

3D). 
Mound-like projection bear- 

ing chalazae (Fig. 3E). 

Low, rounded elevation (re- 

duced struma) bearing setae 

instead of chalazae (Fig. 3F). 

Long, cone-like, unbranched 

projection with several setae 
(Fig. 3G). 

Illustrations of various structures are la- 

beled above to facilitate use of the key to 

larvae. 

2(1). 

Key TO LARVAE 

Mandible with digitiform teeth, retinac- 

ulum absent (Fig. 76); terga with scoli 

(Figs. 3C, 48, 127, 128), sometimes with 

parascoli (Fig. 3D); frontoclypeal suture 

complete (Fig. 52); antenna long, 3 or 

more times as long as wide, of nearly 

uniform diameter (Fig. 88) ........... 

.... Epilachninae ... 2 

Mandible other than with digitiform 

teeth, apically simple (Figs. 65, 67, 68) 

or with 2 to 5 teeth (Figs. 73, 74, 77, 79), 

with retinaculum (Figs. 66, 68, 74, 79) 

or without retinaculum (Figs. 63, 67); 

terga with structures other than scoli, 

parascoli sometimes present; frontoclyp- 

eal suture incomplete or absent (Fig. 2A); 

antenna usually short (Figs. 83, 85, 90), 

less than 3 times as long as wide, if long 

(Fig. 91), segments distinctly of different 

diameters (Fig. 84) . near Bas rate: Cea 

Setae of scoli nearly as short or shorter 

than bases supporting them (Fig. 127); 

3(1). 

4(3). 

5(4). 

6(3). 

habitus Fig. 48 ........ Epilachna Dejean 

Setae of scoli several times longer than 

bases supporting them (Fig. 128); habitus 

Bigs/49). Meee Subcoccinella Guerin 
Abdominal terga 1-8 each distinctly di- 

vided transversely into 2 parts (Fig. 16) 

with setae or collar setae (Fig. 3A); head 

broader than long (Fig. 53); labial palpus 

l-segmented, palpiger indistinct or ab- 

sent (Fig. 58) mandible simple, with ret- 

inaculum (Fig. 68) ....Hyperaspidini... 4 

Abdominal terga entire, not distinctly di- 

vided transversely (Fig. 15) or only weakly 

so (Fig. 14); head usually not broader 

than long; tergal structures variable; la- 

bial palpus 2-segmented, with or without 

palpiger (Figs. 60, 61, 62); mandible, head 

slender, 3 times or more as long as its 

basal width, as long as segments 1, 2 

combined; maxillary, labial palpi elon- 

gate, with maxillary palpifer, labial pal- 

piger weakly sclerotized; tergal segmen- 

tal pores circular to oval, large (Fig. 100) 

Ree ere Brachiacantha Chevrolat 

Terminal segment of maxillary palpus not 

as long as segments 1-2 combined; labial 

palpus short, semiglobular, palpiger ab- 

sent (Fig. 58); tergal segmental pores el- 

liptical, slitlike, small (Fig. 16) 

Submentum sclerotized, pigmented, 

fused with cardines of maxillae to form 

sclerotized, transverse, pigmented 

U-shaped basal bridge (Fig. 59); prono- 

tum without pigmented areas 

eR cs Thalassa montezumae Mulsant 

Submental area usually weakly sclero- 

tized or with faint sclerites, cardines of 

maxilla not fused with submental sclerite 

or transversely connected to each other; 

if submental area strongly sclerotized, 

then pronotum with pigmented areas as 

in Figs. 93, 94, sternum of 9th abdominal 

segment with pigmented sclerites; habi- 

tus Fig. 16 .. Hyperaspis Dejean 

Abdomen dorsolaterally with longitudi- 

nal series of 8 prominent, circular (oc- 

casionally slightly elongate) interseg- 

mental pores, pores strongly sclerotized, 

usually darkly pigmented (Fig. 20); body 

with senti 6-8 times as long as wide at 

base (Fig. 3G), or with parascoli (Fig. 3D) 

PE ree Eee Chilocorini .. . 7 

Abdomen without dorsolateral series of 

circular, strongly sclerotized pores; when 

intersegmental pores present, elliptical to 

subcircular, weakly sclerotized (Figs. 8, 
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Figs. 34-39. Habitus views. Fig. 34, Anatis sp.; 35, Calvia quatuordecimguttata, 36, Adalia bipunctata; 37, 

Coccinella septempunctata; 38, Coccinella novemnotata; 39, Cycloneda sp. 



11(9). 

12(11). 

13(7). 

14(6). 
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14, 16, 102, 103); senti and or parascoli 

ALOT |) (ie, a teniretenereRinene eeriomekenamchs & 0 14 

Apex of mandible simple; coronal (epi- 

Cranial))sutureiabsent {25 7.:..82.-s8 8 

Apex of mandible bidentate (Fig. 73); co- 

ronal (epicranial) suture present ...... 13 

Pronotal and mesonotal tergites laterally 

with 3 senti, often with an additional short 

sentus at anterolateral angle (Fig. 96); 

metathoracic tergites each with | lateral 

sentus, if 2 present, then 2nd slender, 

short(Figa96)ieee sels perae 4xion Mulsant 

Thoracic tergites not as described above 9 

Abdominal tergites 1-8 with senti or par- 

ASCO cece arc cent syavsieces Sees ae » alo) 

Abdominal tergites 1-8 with senti anit 

at least dorsolaterally, laterally (Fig. 20) 11 

Abdominal tergites 1-8 with dorsal, dor- 

solateral parascoli basally, gradually 

lengthening into senti terminating in sin- 

gle chalaza posteriorly . 

cade: Exochomus quadripustulatus (L.) 

Abdominal terga 1-8 dorsally, dorsolat- 

erally with parascoli lengthening poste- 

riorly and terminating in 2 or 3 unequal 

chalazaesas ini Fig 2202 eo cers eters: 

Sie He Brumoides suturalis (F.) 

Meso-, metathoracic tergites each with 

single long sentus on lateral margin (Fig. 

95); habitus Fig. 18 ........Arawana Leng 

Meso-, metathoracic tergites otherwise 12 

Mesothoracic tergites each with 3 short, 

unequal, lateral senti; metathoracic ter- 

gites each with 2 (sometimes 3) short, 

unequal, lateral senti; chalazae of both 

tergites with short, subconical bases (Fig. 

LOS habitus\ioeas 1 an. 

Exochomus marginipennis 5 (ee@onte) 

and E. childreni childreni Mulsant 

Meso-, metathoracic tergites each with a 

rudimentary posterolateral sentus and 

chalazae; bases of chalazae small, broadly 

rounded ... Exochomus californicus Casey 

Pronotum with 6 or more senti on each 

side (Fig. 97); meso-, metathoracic terga 

with 2 distinct, complete tergites, each 

bearing 2ssenttlgee sce eemeiies coe 

meee ci a asst « Halmus chal wbeus Boisduval 

Pronotum with 5 or fewer senti (Fig. 3G); 

mseo-, metathorax without complete 

tergites, tergites reduced to areas at base 

of senti; meso-, metathoracic terga each 

with 4 senti, 2 mesally, | on each lateral 

area; habitus Fig. 20 . Chilocorus Leach 

Antenna salient, 2nd segment nearly as 

long or as long as Ist but of '2 or less 

diameter as in Pentilia (Fig. 84) ...... 15 

Antenna otherwise (Figs. 83, 85, 88) 16 

15(14). 

16(14). 

17(16). 

18(17). 

19(18). 

20(19). 

Tergal strumae with apically shredded, 

truncated setae of various lengths, along 

with normally pointed setae; pleural folds 

with strumae bearing several prominent 

setae; asperities distinct, acute; mandi- 

ble apically simple, with 2 longitudinal 

rows of small serrations on mesal sur- 

faceshabitusik1gs er eee eieeeracie 

imeoeo aeoe Scymnillini ... Zagloba Casey 

Tergal strumae small, with normal, point- 

ed setae; pleural folds pointed, each bear- 

ing single prominent seta, several short se- 

tae (Fig. 17); asperities absent on abdominal 

terga but present on pleural folds; man- 

dible apically simple, with 2 rows of very 

small serrations on mesal surface; habitus 

Fig. 17 

.. Cryptognathini (only one species in 

North America—C. nodiceps Marshall) 

Cryptognatha 

Mandible with 5 distinct, serially ar- 

ranged teeth, retinaculum dentate (Figs. 

78, 79); abdominal terga 1-8 with stru- 

mae (Fig. 3E); habitus Fig. 47 ....... 

Psylloborini ... Psyllobora Dejean 

Mandible otherwise; tergal structures 

variable 

Mandible without retinaculum, apically 

simple (Figs: 63=65;-67)) a0. ce temic 

mriehuc Mo titrate Sticholotidinae .. . 18 

Mandible with retinaculum, apically 

simple or otherwise (Figs. 68,69, 73,74) 21 

Mandible elongate, slender, with medi- 

al, lateral serrations, molar area not de- 

veloped (Fig. 67); body broadly ellipti- 

cal; abdomen on each side with 

longitudinal row of elliptical interseg- 

mental pores (Fig. 8), abdominal pleura 

with protuberant strumae (Figs. 8, 104); 

habitus Fig. 8 . Cephaloscymnus Crotch 

Mandible triangular, apically curved, 

with molar area developed (Figs. 63-65); 

abdomen without intersegmental pores 19 

Frontal sutures distinct, terga with short, 

inconspicuous setae (Figs. 4,5) ...... 20 

Frontal sutures incomplete, indistinct to 

obsolete; principle body setae long, each 

seta rising from small, circular, pig- 

mented spot; habitus Fig.6 .......... 

oi ecpusads teas eterorate Medeor oe ENE Delphastus Casey 

Head with dark, median, longitudinal 

line or elevation on frons (Fig. 50); pro- 

notum with 2 faintly pigmented patches; 

habitus Fig. 4 ..... Microweisea Cockerell 

Entire cranium darkly pigmented; pro- 

notum with 2 prominent, longitudinal 

pigmented patches; habitus Fig. 5 .... 

Na ch On tat ciety Coccidophilus Brethes 
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Figs. 40-43. Habitus views. Fig. 40, Propylea quatuordecimpunctata; 41, Olla v-nigrum: 42, Coelophora 
inaequalis, 43, Harmonia conformis. 



400 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Figs. 44-49. Habitus views. Fig. 44, Aphidecta obliterata; 45, Mulsantina sp.; 46, Tytthaspis sedecimpunc- 

tatus; 47, Psyllobora vigintimaculata; 48, Epilachna varivestis; 49, Subcoccinella vigintiquatuorpunctata. 
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Figs. 50-56. Heads and ventral mouthparts. Fig. 50, Microweisea ovalis, dorsal view: 51, Stethorus punctum, lateral view; 52, Epilachna sp., dorsal view; 53, Hyperaspis signata, dorsal view; 54, Scymnus (Pullus) sp., 
ventral mouthparts; 55, Nephus (Scymnobius) sp., ventral mouthparts; 56, Diomus roseicollis, ventral mouth- parts. 
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Figs. 57-62. Ventral mouthparts. Fig. 57, Stethorus punctum, 58, Hyperaspis signata, 59, Thalassa mon- 

tezumae: 60, Rodolia cardinalis, 61, Psyllobora vigintimaculata; 62, Tytthaspis sedecimpunctata. 
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71 
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Figs. 63-79. Mandibles, ventral view, right mandible. Fig. 63, Microweisea ovalis, 64, Delphastus pusillus; 

65, Catana clauseni: 66, Ortalistes rubidus; 67, Cephaloscymnus sp.; 68, Hyperaspis signata; 69, Pentilia castanea, 

70, Cryptolaemus montrouzieri, 71, Rhyzobius lophanthae; 72, Azya sp. 73, Chilocorus stigma; 74, Anisosticta 

bitriangularis; 75, Synonycha grandis, 76, Epilachna borealis; 77, Tytthaspis sedecimpunctata, 78, Halyzia 

sedecimguttata, 79, Psyllobora vigintimaculata. 
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88 89 90 91 92 

Figs. 80-92. Antennae. Fig. 80, Scymnus (Pullus) sp.; 81, Nephus (Scymnobius) sp., 82, Stethorus punctum 

picipes; 83, Hyperaspis signata; 84, Pentilia castanea, 85, C hilocorus stigma; 86, Rodolia cardinalis; 87, Anovia 

virginalis; 88, Epilachna varivestis; 89, Tytthaspis sedecimpunctata, 90, Psyllobora vigintimaculata; 91, Ortalistes 

rubidus, 92, Anisosticta bitriangularis. 
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21(17). 

23(22). 

24(23). 

25(23). 

26(25). 

27(26). 

Mandible apically bidentate (Figs. 70, 

71, 73), or apically bidentate with sub- 

apical tooth (Fig. 75), serrations (Fig. 74), 

or structrures resembling teeth of comb 

(Eig eas fo crn tee ee eh ee 2 

Mandible apically simple (Figs. 66, 68), 

serrations present or absent ...... ' 43 

tN he 

. Frontal sutures distinct (Figs. 27, 34, 46): 

meso-, metathoracic tergites each with 

2 sclerites (Figs. 30, 33, 34), sometimes 

weak (Fig. 23), or with structures other 

[WOE WOVE el 8: (elie ie eae eae Denese eae ae 23 

Frontal sutures indistinct, evident pos- 

teriorly (Fig. 2A); meso-, metathoracic 

terga with prominent verrucae instead 

of sclerites (Figs. 11, 105, 106); abdom- 

inal terga 1-8 with similar verrucae; 

habitus Fig. 11 

..Scymnini... Cryptolaemus montrouzieri 

Mulsant 

Tergal plates, strumae, with small cha- 

lazae bearing peglike setae in addition 

to normal setae (Figs. 107, 108); body 

densely asperate (Figs. 23, 24), asperities 

on membrane irregularly truncate (Fig. 

109), acute on strumae ...... 

..Coccidulini, in part... 24 

Tergal plates, other structures without 

chalazae, peglike setae; integument with 

or without asperities ...Coccinellini .. . 25 

Abdomen with sharply defined, dorsal 

light area extending from terga 14 

through 4 (Fig. 23); strumae sparsely as- 

perate, asperities pean short, acute 

(Fig. 108); habitus Fig. 23 ........... 

Rhyzobius re (Blaisdell) 

Dorsum of body uniformly pigmented; 

strumae densely asperate, asperities 

acute, long, slender; habitus Fig. 24 

RnR ese Rhyzobius forestieri Mulsant 

Abdominal terga 1-8 with senti (Figs. 

3G, 34), or with tall bifurcate or trifur- 

cate parascoli (Fig. 122) ....... 26 

Abdominal terga 1-8 otherwise, swith 

various structures: parascoli (Figs. 3D, 

115, 125), strumae (Figs. 3E, 32, 111), 

verrucae (Figs. 3F, 11, 117), setae (Figs. 

3A, 21), or collar setae (Fig. 3A) ..... 29 

Tergite of 9th abdominal segment with 

minute, posteriorly directed process on 

apical margin (Figs. 35, 42) .......... Di, 

Tergite of 9th abdominal segment en- 

tire, without posterior process ....... 28 

Dorsal senti of abdominal terga short 

throughout, progressively longer from 

terga 1-6, shorter on terga 7, 8; habitus 

RIgT a2 ese Coelophora inaequalis (F.) 

28(26). 

29(25). 

30(29). 

31(30). 

32(31). 

33(30). 

34(33). 

35(34). 

36(35). 
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Dorsal senti of abdominal terga long on 

terga 4-8, progressively longer on terga 

1-7 (Fig. 35) 

Lene Se Calvia quatuordecimguttata (L.) 

Abdominal terga bearing stout sentae (Fig. 

3G), habitus Fig. 34... 2... Anatis Mulsant 

Abdominal terga armed with apically bi- 

furcate or trifurcate parascoli (Fig. 122); 

habitus Fig. 43 .. 

Harmonia conformis Mulsant 

Mandible apically bidentate with addi- 

tional subapical tooth, serrations (Fig. 

74); body terga with strumae; antenna 

2-segmented (Figs. 89, 92); habitus Fig. 

DN acuta: Mae Anisosticta bitriangularis (Say) 

Mandible apically bidentate, with sub- 

apical tooth, without serrations or 

comblike structures 

Abdominal terga with strumae, each 

struma with 2 prominent chalazae, an- 

terior chalazae smaller than posterior, 

setae of chalazae long (Figs. 41, 118) 31 

Abdominal terga otherwise, with par- 

ascoli (Figs. 3D, 37, 38, 125), or strumae 

bearing several prominent chalazae (Figs. 

3E, 30), or with verrucae (Figs. 3F, 117) 33 

Abdominal sterna 3-5 or 4-5 with short, 

stubby setae in addition to normal setae 

(Figs. 121, 126) ... 

Abdominal sterna without short, stubby 

setae; habitus Fig. | yd 

gestae, s Neoharmonia venusta (Melshieimen) 

Short setae of abdominal sterna 4, 5 sub- 

apically bulbous (Fig. 121); habitus Fig. 

Ail ePntsae its aero Olla y-nigrum (Say) 

Short setae of abdominal sterna 3-5 ter- 

minally truncate or slightly emarginate 

(Fig. 126); habitus Fig. 45 : 

SEA usctttiage areas Graten Aeon Mulsantina Weise 

Tarsungulus simple, without basal tooth 

or rectangular base (Figs. 130, 131)... 34 

Tarsungulus with basal tooth or rect- 

angular base (Fig. 132) ..... . 40 

Abdominal terga 1-8 with short, stout 

parascoli (Figs. 3D, 32, 33, 115); habitus 

BIpSs 325.93 soe 2 Hippodamia Chevrolat 

Abdominal terga 1-8 either with stru- 

mae (Figs. 3E, 30, 113) or verrucae (Figs. 

SE its 17) 

Abdominal terga 1-8 with strumae or 

6-8 with parascoli (Figs. 3E, 113) .... 36 

Abdominal terga 1-8 with verrucae, ver- 

rucae asperate, with 8 or more setae (Figs. 

116, 117); or 6-8 with parascoli 

ee i See ere ene Myzia Mulsant 

Dorsal strumae of abdominal terga 1-8 

each with 4 or less low-based chalazae 
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100 101 
Figs. 93-101. Body structures. Fig. 93, Hyperaspis psyche, pronotum; 94, Hyperaspis postica, pronotum; 95, 

Arawana scapularis, metanotum; 96, Axion tripustulatum, mesonotum and metanotum, 97, Halmus chalybeus, 

pronotum; 98, Adalia bipunctata, pronotum; 99, Cycloneda sanguinea, pronotum; 100, Brachiacantha sp., 

abdominal terga, showing segmental pores; 101, Propylea quatuordecimpunctata, tergite IX. 
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Figs. 102-112. Body structures. Fig. 102, Cephaloscymnus sp., intersegmental pore; 103, Diomus roseicollis, 

intersegmental pore; 104, Cephaloscymnus sp., lateral struma; 105, Cryptolaemus montrouzieri, dorsal verruca, 

posterior view; 106, Cryptolaemus montrouzieri, dorsal verruca, lateral view; 107-109, Rhyzobius lophanthae, 

107, clublike seta; 108, struma; 109, asperities of membrane; 110, Azya sp., chalaza; 111, Anisosticta sp., dorsal 

struma; 112, Naemia seriata, struma. 
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121 122 123 
Figs. 113-123. Body structures. Fig. 113, Paranaemia vittigera, dorsolateral struma; 114, Coleomegilla 

maculata, dorsal struma; 115, Hippodamia convergens, parascolus; 116, Myzia pullata, verruca; 117, Myzia 

oblongoguttata, verruca; 118, Neoharmonia venusta, struma; 119, Adalia bipunctata, struma; 120, Olla y-nigrum, 

dorsal struma; 121, Olla v-nigrum, setae, venter of 4th, 5th abdominal segments; 122, Harmonia conformis, 

trifurcate parascolus; 123, Cycloneda sanguinea, struma. 
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129 132 

Figs. 124-132. Body structures. Fig. 124, Coccinella novemnotata, struma; 125, Coccinella septempunctata, 

parascolus; 126, Mulsantina picta, setae, venter of 4th, Sth abdominal segments; 127, Epilachna varivestis, 

scolus; 128, Subcoccinella vigintiquatuorpunctata, scolus; 129, Hippodamia convergens, leg, 130, Delphastus 

pusillus, tibiotarsal claw and terminal setae; 131, Hippodamia convergens, tibiotarsus; 132, Coccinella septem- 

punctata, tibiotarsus. 
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37(36). 

38(36). 

39(38). 

40(33). 

41(40). 

42(41). 
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on which setae are usually long, black 

(Figs. 30, 112, 113) 
Abdominal terga with more than 4 cha- 

lazae on dorsal strumae (Fig. 3E, 44) 37 

Abdominal terga 6-8 bearing a dorsal 

pair of parascoli (Fig. 44); posterior mar- 

gin of abdominal segment 9 broadly 

rounded; habitus Fig. 44 

Son iah STORRS HLS MT Aphidecta obliterata (L.) 

Abdominal terga without parascoli; pos- 

terior margin of abdominal segment 9 

Dorsal strumae of abdominal terga 1-8 

each bearing 4 chalazae, 2 anteriorly, 2 

posteriorly (Fig. 112); dorsolateral stru- 

mae with 3 or 4 chalazae ............ 39 

Dorsal strumae of abdominal terga 1-8 

each bearing 3 chalazae, 2 anteriorly, | 

posteriorly (Figs. 30, 114); habitus Figs. 

SOUS «certs Coleomegilla Timberlake 

Dorsolateral strumae of abdominal ter- 

ga 1-8 bearing 4 chalazae, 2 anteriorly, 

2 posteriorly (Fig. 112); habitus Fig. 29 

ga 1-8 beraing 3 chalazae, | anteriorly, 

2 posteriorly (Fig. 113); habitus Fig. 28 

Paranaemia vittigera (Mannerheim) 

Posterior margin of 9th abdominal seg- 

ment with short, distinct, apically trun- 

cate, median process (Fig. 101); abdom- 

inal terga 1-8 with strumae each bearing 

several chalazae of various sizes; habitus 

Fig. 40 

Be ein Propylea quatuordecimpunctata (L.) 

Posterior margin of 9th abdominal ter- 

gite entire, without median process; ab- 

dominal terga 1-8 with parascoli or stru- 

Mae wees eae Se cafthe Stoeshoreagehetas 41 

Abdominal terga 1-8 with strumae on 

which only 3 chalazae are prominent, 

these 3 ususally grouped together (Figs. 

NUS 23) ie eres seca neta ti mies 42 

Abdominal terga 1-8 with either short 

parascoli or with strumae each bearing 

several chalazae of various sizes (Figs. 

124, 125); habitus Figs. 37, 38 . 

tet MACE eK Meee See Rs Coccinella L. 

Pronotum densely asperate (Figs. 39, 99): 

tibiotarsus ventrally with setiferous semi- 

membranous surface extending about ' 

length of segment; habitus Fig. 39 ... 

PC ren eR eh ry me Cycloneda Crotch 

Pronotum without asperities, or if pres- 

ent, asperities few, on posterior margin 

(Fig. 98): tibiotarsus ventrally with se- 

43(21). 

44(43). 

45(43). 

46(45). 

47(46). 

tiferous semimembranous surface ex- 

tending length of segment, as in Hip- 

podamia (Fig. 129); habitus Fig. 36 

Pres Gre Lace temo Le, Adalia Mulsant 

Cardines, stipes, submental, mental ar- 

eas fused into solid, sclerotized, pig- 

mented structure possessing anterior ex- 

tension on each side, composite structure 

or area assuming appearance of egg-cup 

encompassing labial palpi (Fig. 60); 

maxillary palpus 2-segmented, Ist seg- 

ment large, 2nd segment small, palpifer 

distinct, small (Fig. 60) ... Novuni... 44 

Cardines, stipes, submental, mental ar- 

eas not fused as above into single com- 

posite structure, area membranous or 

nearly so (Figs. 54-57) maxillary palpus 

VATIADIE: 4 iteusk ich staalv or eel atee aaa 45 

Antennae 2-segmented, 2nd segment 

small, short, broad (Fig. 86); habitus Fig. 

DS ic Sia tis ede eal SAE Rodolia Mulsant 

Antennae |-segmented (Fig. 87) 

Anovia Casey 

Abdominal terga with membranous or 

non-sclerotized strumae each bearing 2 

chalazae with bases extremely small, se- 

tae subequal, short, apically truncate (Fig. 

110); anterior seta on dorsolateral stru- 

mae shorter than posterior seta (Fig. 110); 

lateral abdominal lobes prominent, 

acute, with at least 1 seta; habitus Fig. 

2 Glaser acre Azyini ... Azya Mulsant 

Abdominal terga otherwise, or if mem- 

branous strumae or verrucae with collar 

setae present, setae distinct, long 

Ocelli modified, 2 ocelli large, directed 

anteriorly, usually an elongate internal 

pigmentation behind each ocellus, 3rd 

ocellus with distinct lens represented by 

small dorsal pigmentation may be lack- 

ing (Fig. 51); antennae of single short, 

broad segment (Fig. 82); habitus Fig. 9 
Ok apetend Stethorini . .. Stethorus Weise 

Ocelli not so modified, normal; anten- 

nae 2- or 3-segmented (Figs. 80, 81) 

re eee Scymnini, in part... 47 

pifer, segments of palpus, palpifer dis- 

tinct, sharply defined (Figs. 54, 55); ab- 

dominal terga without intersegmental 

Pores: (Bigs; M25 U3) ) - sccsie-s wsoegeteps ayer . 48 

Maxillary palpus 2-segmented, with pal- 

pifer (Fig. 56), palpifer, basal segment of 

palpus weakly sclerotized, often indis- 

tinct, poorly defined; abdomen with el- 

liptical intersegmental pores dorsolater- 
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ally on each side (Figs. 14, 15, 103); 

habitus Fig: 14 .. 22.2... Diomus Mulsant 

Antennae 2-segmented (Fig. 81); men- 

tal, submental areas of labium fused, 

semimembranous or weakly sclerotized, 

rectangular, lateral margins faintly de- 

fined (Fig. 55); habitus Fig. 13 

. Nephus Casey 

- Antennae 3-segmented, 3rd segment 

small, sclerotized, distinct (Fig. 80), or 

very small, weakly sclerotized, indis- 

tinct; mental, submental areas more dis- 

tinct (Fig. 54) or fused .......... 7 49 

Third antennal segment sclerotized, dis- 

tinct (Fig. 80); tergite of 9th abdominal 

segment posteriorly rounded (Fig. 12, 

habitus) .... . Scymnus Kugelann 

- Third antennal segment weakly sclero- 

tized, indistinct; tergite of 9th abdomi- 

nal segment with posterior margin trun- 

cate to slightly emarginate; abdominal 

terga 1-8 with strumae each bearing 

small-based chalazae or collar setae, se- 

tae long, variously curved; habitus (Fig. 

10) ........ Nephaspis oculata (Blatchley) 

48(47). 

49(48). 
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NEW RECORDS OF CHECKERED BEETLES (COLEOPTERA: CLERIDAE) 
FROM HAINAN ISLAND, CHINA, WITH A 

KEY TO THE KNOWN SPECIES 

JONATHAN R. MAWDSLEY 

Department of Entomology, Museum of Comparative Zoology, Harvard University, 

Cambridge, Massachusetts 02138. 

Abstract. —The following 18 species of Cleridae (Coleoptera) are recorded from Hainan 

Island, China, for the first time: Orthocladiscus dimorphus (Lesne); Cylidroctonus chaly- 

baeum (Westwood); Tilloidea notata (Klug); Callimerus amabilis Gorham; Callimerus 

chinensis Schenkling; Callimerus cyaneus (Thomson); Opilo mollis (Linnaeus); Orthrius 

striatopunctatus Schenkling; Orthrius sinensis Gorham; Orthrius binotatus (Fisher); 

Trichodes ircutensis (Laxmann), Tillicera cleroides Gorham, Thanasimus substriatus (Ge- 

bler); Omadius clytiformis Westwood; Omadius mediofasciatus Westwood; Omadius fas- 

clipes Westwood; Dasyceroclerus ignavus (Westwood); Stigmatium mutillaecolor (White). 

The placement of two nomina nuda created by Hua is discussed. A key to the 18 species 

of Cleridae known from Hainan Island is provided. 

Key Words: 

I was recently given the opportunity to 
examine the entire collection of Cleridae in 

the collection of Zhongshan (Sun Yatsen) 

University, including 144 specimens of 18 

species of Cleridae (listed below) which were 

collected on Hainan Island by J. L. Gressitt 

and F. K. To. No species of Cleridae were 

recorded from Hainan Island in the most 

recent catalogue of the family (Corporaal 

1950); however, 48 of the specimens on 

which the present communication 1s based 

were listed by Hua (1989: 57), but not noted 

as occurring on Hainan Island. The names 

published by Hua in his list are based most- 

ly on misidentifications by J. L. Gressitt and 

unfortunately included two nomina nuda, 
which are discussed below. 

I have provided below a list of the ma- 

terial from Hainan Island which I examined 

and accompanying collecting information, 

Coleoptera, Cleridae, Hainan Island, China 

as well as a key to the species of Cleridae 

known from Hainan Island. 

MATERIALS 

Most of the specimens on which the pres- 

ent communication is based are housed in 

the collection of the Taxonomy Division, 
Institute of Entomology, Zhongshan (Sun 

Yatsen) University, Guangzhou, China. 

Duplicate specimens of several species have 

been deposited in the author’s personal col- 

lection and in the collection of the Museum 

of Comparative Zoology. Collecting infor- 

mation accompanying the specimens ex- 

amined is provided for each species in the 

list below. I examined type specimens rel- 

evant to this study in the collections of the 

following institutions: The Natural History 

Museum, London; Hope Department of 

Entomology, Oxford University; Museum 
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National d’Histoire Naturelle, Paris; Museo 

Civico di Storia Naturale, Genova. 

Family Cleridae 

Orthocladiscus dimorphus Lesne: 1 speci- 
men, collected May 12-20, 1932, Ka- 

chek, K‘iung-tung District. 

Cylidroctonus chalybaeum (Westwood): 1 
specimen, collected August 31, 1958. 

Tilloidea notata (Klug): 1 specimen, col- 

lected May 10, 1959. 

Callimerus amabilis Gorham: | specimen, 
collected June 9, 1932, 2000 feet, 6 miles 

southeast of Nodoa, Lin-Kao and Ch‘eng- 

mai Districts. 
Callimerus chinensis Schenkling: 5 speci- 

mens, collected July, 1940. 
Callimerus cyaneus (Thomson): 2. speci- 

mens; | collected May 27-28, 1932, Lin- 

kao District; 1 collected June 14, 1935, 

Ta Hian. 

Opilo mollis (Linnaeus): 2 specimens. 

Orthrius striatopunctatus Schenkling: 1 

specimen, collected June 13-15, 1935, 

back of Lai-mo-ling mountain range, 
Ting-an District. 

Orthrius sinensis Gorham: 3 specimens; 2 

collected March 1948; 1 collected April, 

1918. 
Orthrius binotatus (Fisher): 1 specimen, col- 

lected September, 1958. 
Trichodes ircutensis (Laxmann): 4 speci- 

mens; 2 collected June, 1985; 1 collected 

July, 1977; 1 collected August, 1977. 

Tillicera cleroides Gorham: | specimen, col- 

lected July 12-13, 1932, 9 miles south of 

Nodoa, Tan-hsien District. 
Thanasimus substriatus (Gebler): 1 speci- 

men, collected July 23-30, 1977. 

Omadius clytiformis Westwood: 5 speci- 

mens, collected June 7-20, 1935, back of 
Lai-mo-ling mountain range, Ting-an 

District. 
Omadius mediofasciatus Westwood: 27 

specimens; 26 collected June-August, 
1935, back of Lai-mo-ling mountain 
range, Ting-an District; 1 specimen col- 
lected July 22, 1935, Dwa-Bi. 
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Omadius fasciipes Westwood: 2 specimens, 

collected June 7-12, 1935, back of Lai- 
mo-ling mountain range, Ting-an Dis- 

trict. 
Dasyceroclerus ignavus (Westwood): 96 

specimens, collected April-July, 1935, 
back of Lai-mo-ling mountain range, 

Ting-an District. 

Stigmatium mutillaecolor (White): 1 spec- 

imen, collected July 17, 1935, Fan Ta. 

KEY TO SPECIES OF CLERIDAE 

RECORDED FROM HAINAN ISLAND 

la. Procoxal cavities closed (Subfamily 

illinae), 38. Ie be Ae eee 2) 

lb. Procoxalicavitiesiopen’ 5.5.45. eee 4 

2a.(la.) Body five times longer than wide, uni- 

formly dark reddish-brown; antennae 

pectinate; elytra striatopunctate to api- 

ces ... Orthocladiscus dimorphus (Lesne) 

2b. Body more robust, not uniformly dark 

reddish-brown; antennae serrate; ely- 

tra striatopunctate on basal half only 3 

Integument metallic blue with the ex- 

ception of an elevated transverse or- 

ange fascia located postmedially on el- 

ytra; pronotum robust, strongly 
roundedilaterally.. -siaccs4c es eerie 

_. Cylidroctonus chalybaeum (Westwood) 

3b. Integument predominately black, bas- 

al third of elytra reddish-brown; each 

elytron with an arcuate white median 

macula; pronotum nearly parallel-sid- 

edits ar Sara Tilloidea notata (Klug) 

Antennae short, not attaining base of 

pronotum, terminating in a 2-seg- 

mented club; integument metallic blu- 

ish-black with patches of reclinate white 

pubescence (Subfamily Phyllobaeni- 

nae) 

4b. Antennae elongate, attaining base of 
pronotum, serrate, filiform, or termi- 

nating in a 3-segmented club; integu- 

ment usually brown or black, if me- 

tallic blue then lacking patches of 

reclinate pubescence (Subfamily Cler- 

inae) 

Elytral surface densely and rugulosely 

punctate, not shining, predominantly 

black Callimerus amabilis Gorham 

Sb. Elytral surface finely and sparsely 

punctate, shining, predominantly me- 

tallic blue 

Overall length 13.0-16.0 mm 

ee Ae Callimerus cyaneus (Thomson) 

3a.(2b.) 

4a.(1b.) 

Sa.(4a.) 

6a.(5b.) 
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6b. Overall length 7.0-9.0mm......... 

Sr ocrete Callimerus chinensis Schenkling 

Ocular facet diameter 0.30 mm or 

ErCateLes ae ce ees 8 

7b. Ocular facet diameter less than 0. 30 

mm 

Terminal segment of labial palpi tri- 

angular so... .5.. Opilo mollis (Linnaeus) 

8b. Terminal segment of labial palpi su- 

ulate shakes tee, canoe Se Ascean.3 9 

Integument uniformly reddish- brow 

elytra deeply striatopunctate on basal 

ied] fied ui eerste p pete vegs testers avsiisiateeerar aisles 

. Orthrius striatopunctatus Schenkling 

9b. Integument dark brownish-black, ely- 

tra with yellowish-orange maculae; el- 

ytra feebly striatopunctate, shining .. 10 

10a.(9b.) Legs reddish-orange; each elytron with 

3 yellowish-orange maculae ........ 

Se ene Orthrius sinensis Gorham 

10b. Legs dark brownish-black; each ely- 

tron with 2 yellowish-orange maculae 

Stdhayertodts wate Orthrius binotatus (Fisher) 

1la.(7b.) Antennae terminating in a large trans- 

verse 3-segmented club; elytra finely 

and irregularly punctate, shining, me- 

tallic blue with two transverse orange 

7a.(4b.) 

8a.(7a.) 

9a.(8b.) 

fasciae ... Trichodes ircutensis (Laxmann) 

11b. Antennae and elytra not exactly as de- 

SCIiDed abOVe! Aieateeecee sea. 12 

12a.(11b.)Elytra elongate, length/width ratio |. 7: 

MON tO a1 22 OM aren wacira ste tec ese es 13 

12b. Elytra robust, length/width ratio 1.3: 

MOMtOMEG HO ee ca cee Se rariese nse oer 17 

13a.(1 2a.) Pronotum strongly robust; elytra deeply 

striatopunctate basally; integument pre- 

dominantly black; pronotum and basal 

third of elytra red; elytra with three 

patches of yellow pubescence .... . 

Bee ete Tillicera cleroides Gorham 

13b. Pronotum parallel-sided; elytra not 

deeply striatopunctate basally; if col- 

oration as described above then pos- 

sessing white pubescence on elytra .. 14 

14a.(13b.)Integument predominantly black; pro- 

notum and base of elytra red; elytra 

with two narrow transverse bands of 

white pubescence . 

Thanasimus substriatus (Gebler) 

14b. Integument predominantly yellowish- 

brown; elytra with three transverse 

blackamaculaesiias,. ascroa cece cot aus 15 

15a.(14b.)Elytra uniformly covered with short 

pubescence concolorous with the un- 

derlyinp¢maculae) oh. ose cece cece ss 16 

1Sb. Elytra lacking such pubescence, basal- 

Tyared Gish t., treet: fetta crate sant doonst ore 

16a.(15a.)Elytra with rows of minute tubercles 

on basal fourth; basal and apical dark 

transverse maculae both reduced to a 

pair of round maculae on each elytron, 

median dark transverse maculae very 

broad 

cyan: Omadius medio fasciatus Westwood 

16b. Elytra lacking such tubercles; all 3 pairs 

of dark transverse maculae subequal 

in size Omadius fasciipes Westwood 

17a.(12b.)Antennae filiform; integument pre- 

dominantly greenish-grey to reddish- 

brown; elytra with irregular narrow 

black transverse maculae . 

sheets Dasyceroclerus ignavus (Westwood) 

17b. Antennae serrate; integument predomi- 

nantly black, elytra red on basal third; 

pronotum and elytra each with two 

transverse bands of white pubescence 

Stigmatium mutillaecolor (White) 

NOTES ON SYSTEMATICS 

As was noted above, Hua (1989: 57) in- 

troduced two nomina nuda: Callimera and 
Cynetocera. Callimera 1s obviously a cor- 

ruption of Callimerus Gorham, while Cy- 
netocera appears to be a mispelling of the 

Nearctic genus Cymatodera Gray. A spec- 

imen of Orthrius striatopunctatus Schen- 

kling was misidentified in the Zhongshan 

University collection as ‘““Cymatodera sp.” 

by J. L. Gressitt. 
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STUDIES IN NEOTROPICAL NEOMIDA: DESCRIPTIONS OF 
EIGHT NEW SPECIES (COLEOPTERA: TENEBRIONIDAE) 

CHARLES A. TRIPLEHORN 
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lumbus, Ohio 43212. 

Abstract. —The following new species of Neomida are described and illustrated: N. acera 

(Panama), N. deltocera (Panama), N. divergicornis (Mexico), N. dolichocera (Costa Rica), 
N. heterocera (Costa Rica), N. lawrencei (Costa Rica), N. paurocera (El Salvador), and N. 

pogonocera (Panama). 

Key Words: 
lationships, Polyporaceae 

Several decades ago, John F. Lawrence 

began sending me large numbers of speci- 

mens of Neomida for determination. At 
about the same time, I borrowed all of the 

undetermined Neomida from the United 

States National Museum of Natural His- 

tory, most of which were collected by James 
Zetek, long-time resident on Barro Colo- 

rado Island in the Canal Zone, Panama. 

These two collections still represent the 
most significant ones I have been able to 

study since there are large series for deter- 
mining intraspecific variation, there are nu- 

merous species represented, and the Law- 

rence specimens are accompanied by host 

fungus data. 
Since my revision of the Diaperini of 

America north of Mexico (Triplehorn, 1965) 

in which four species (two described as new) 
were discussed, I have studied the type spec- 

imens of Champion and Bates (British Mu- 

seum of Natural History, London), and 
Chevrolat and Pic (Museum National 
d’Histoire Naturelle, Paris). I have also bor- 

rowed smaller lots of specimens from nu- 

merous collections visited. 
My original intention was to revise 

Neomida for the Western Hemisphere and, 

Darkling beetles, Neomida New Species, Tenebrionidae, Fungus-insect re- 

while I have made considerable progress, I 

do not feel confident enough to complete 

that revision at this time. 
In order to provide names to enable Law- 

rence to complete his work on host fungus— 

insect relationships, I offer the descriptions 
of eight new species of Neomida as follows: 

Neomida dolichocera, NEw SPECIES 

Fig. | 

Holotype, male: Large, elongate-oval, 

strongly convex, dark reddish-brown, shin- 

ing. Head with two long, thin, cylindrical 

horns between and in contact with inner 

margins of eyes; horns parallel and slightly 

curved caudad; vertex flat, smooth, almost 

impunctate, not differentiated from frons; 

clypeus slightly convex, smooth, extremely 

minutely punctulate, two blunt promi- 

nences (not distinct tubercles) on anterior 

margin; clypeal margins continuous with 

genae which are thickened and slightly re- 

flexed; eyes large, deeply emarginate, with 

dorsal lobe smaller than ventral lobe; an- 

tennae with distal seven segments trans- 

verse, forming a stout club, segment four 

with only anterior portion expanded and 

part of club; maxillary palpus elongate-oval, 
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Figs. 1+. 

rounded apically; mentum convex, densely 

punctured, sparsely setose. 

Pronotum strongly transverse and con- 

vex, widest about middle, all angles ob- 

tusely rounded, anterior margin almost 

straight, with thick bead, a deep, U-shaped 

depression on anterior third; basal margin 

bisinuate, distinctly beaded; surface smooth, 

uniformly finely but not densely punctate. 

Elytra subequal in width to pronotum, 

lateral margins straight and parallel, surface 
finely punctate-striate, punctures closely 

spaced; intervals flat, minutely and sparsely 

punctate. Ventral surface concolorous with 

dorsum; flanks of pronotum smooth me- 

dially ard posteriorly, finely punctate an- 

Neomida spp., lateral aspect of head. 1, N 

Length: 7.6 mm. 2, N. lawrencei, n. sp., 6 (Mexico: Oaxaca). Length: 5.8 mm. 3, N. divergicornis, n. sp., ¢ 

(Mexico: Veracruz). Length: 4.4 mm. 4, N. heterocera, n. sp., 6 (Costa Rica: Guanacaste). Length: 4.2 mm. 

dolichocera, n. sp., 4 Holotype (Costa Rica: LaSelva). 

teriorly and laterally; prosternum finely and 

closely punctured; prosternal process grad- 

ually deflexed behind, its apex not promi- 

nent; protibia slightly expanded from base 

to apex, outer margin strongly toothed, 

densely clothed anteriomedially with dense 

pads of golden setae; all tarsi clothed be- 

neath with long, sparse, golden setae; 

meso- and metasternum finely and sparse- 

ly punctate; mesosternum deeply V-shaped 

anteriorly; metasternum with median in- 

cised line deep and extending more than 

half way from base to anterior margin; ab- 

dominal sterna uniformly finely and sparse- 

ly punctate except terminal segment which 

is densely punctate; epipleura abruptly ab- 
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breviated opposite middle of last visible ab- 
dominal segment. Aedeagus as in Fig. 9. 

Length: 7.6 mm; width: 3.4 mm. 

Female unknown. 

Types: Holotype, male, Costa Rica, He- 
redia Prov., La Selva Res. Sta. VII-17-1973, 
J. Doyen & P. A. Opler (CASC); 2 male 

paratypes, Costa Rica, San Carlos, Schild & 

Burgdorf (USNM), four male paratypes, 
Costa Rica, Rio Sn Larencito, Res. For. Sn 

Ramon, 5 km N Col. Palmarino, Alajuela, 
900 m, March 1990 (Inst. de Biodiversidad, 

Sto. Domingo, C.R.) (John Doyen). Length: 
7.4-7.8 mm; width: 3.3-3.8 mm. 

Diagnosis: this is one of the largest spe- 

cies in the genus with perhaps the longest 
male frontal horns. The flat, smooth head 
is also distinctive as is the broad U-shaped 

depression on the anterior face of the pro- 

notum. The smaller males have horns only 

about half as long as the other two speci- 

mens and the clypeal tubercles are scarcely 

evident. 

Specimens examined: Known only from 

the type series, all males from Costa Rica. 

Neomida lawrencei, NEw SPECIES 

Fig. 2 

Holotype, male: Moderately large, elon- 

gate-oval, strongly convex, dark reddish- 

brown, shining. Head with two thin, slightly 

recurved horns between and in contact with 

inner margins of eyes; horns broad basally, 

tapering gradually to apex, subacute, bowed 

strongly outward; vertex strongly swollen, 

finely and densely punctate; frons between 

horns minutely and sparsely punctulate, a 

transverse groove extending behind horns 
and a broad transverse impression in front 

of horns and just behind clypeus; clypeus 

feebly convex but abruptly delimited from 
frons, rectangular, two prominent but blunt 

tubercles on anterior margin, finely and 

sparsely punctured; entire head with minute 

pattern of microreticulations; eyes large with 

dorsal lobe small between genal emargina- 

tions and horn on each side; outer seven 
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antennal segments forming stout club, seg- 

ment 4 with only anterior portion expanded 

and part of club; terminal segment of max- 

illary palpus elongate-oval, rounded api- 

cally; mentum convex with only a few yel- 

lowish setae. Pronotum strongly transverse 

and convex, widest behind middle, all an- 

gles obtusely rounded, anterior margin 

strongly bisinuate with prominent median 

lobe; basal margin strongly bisinuate, entire 

border strongly beaded; surface finely and 

densely punctured, more coarsely so later- 

ally, areas between punctures with extreme- 

ly fine pattern of microreticulations. Elytra 

slightly narrower than pronotum, lateral 
margins straight and parallel, surface finely 

punctate-striate, punctures closely spaced; 

intervals flat, minutely and sparsely punc- 

tate. Ventral surface concolorous with dor- 

sum; flanks of prothorax finely and densely 

punctured anteriorly, impunctate and 

smooth behind; prosternum sparsely punc- 

tured, prosternal process narrow between 

coxae, gradually deflexed behind and sec- 
ondarily reflexed at apex; protibia broadly 

expanded from base to apex, outer margin 
coarsely toothed, densely clothed anteri- 

omedially with dense pads of golden setae; 

all tarsi clothed beneath with long, sparse, 

golden setae; meso- and metasternum mi- 

nutely and sparsely punctured; mesoster- 

num strongly V-shaped anteriorly; meta- 

sternum with median incised line strong but 

short, extending less than half way from base 

toward anterior margin; abdominal sterna 

coarsely and densely punctured laterally, 

punctures much finer medially; epipleura 
abruptly abbreviated just caudad of last vis- 

ible abdominal suture. Aedeagus as in Fig. 
10. Length: 5.5 mm; width: 2.6 mm. 

Allotype, female: Differs from the male 

in having small, blunt tubercles instead of 

horns at inner margins of eyes and complete 

absence of clypeal tubercles. The interocular 

area of the frons is more coarsely punctured 

than in the male but the clypeus is similarly 

abruptly delimited. Length: 5.5 mm; width: 

2, Tam. 
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Variation: Several males have the frontal 

horns considerably reduced and straight but 

the postocular depressions are equal to those 

of the holotype. The series of females is very 
uniform in coloration and punctation. Size: 

males: length 5.6-5.8 mm; width 2.6-2.7 

mm; females, length 4.8—7.0 mm; width 2.2- 

2.9 mm. 

Types: Holotype (male), allotype (fe- 

male) and i5 paratypes (6 males, 9 females), 

Costa Rica, Puntarenas Province, Osa Pen- 

insula, 2.5 mi. SW Rincon, 08°42'N, 

83°29'W, 1-7 March 1967, Robin Andrews; 

seven paratypes (5 males, 2 females), Costa 

Rica, Heredia Province, La Selva Res. Sta., 

VII-17, 1973, J. Doyen and P. A. Opler. 

One male paratype, Costa Rica, Rio Sn Lor- 

encito, Res. For. Sn Ramon, 5 km N Col. 

Palmarino, Alajuela 900 m, March 1990; 
one male paratype, C.R., Estac. Pitilla, 9 

km S Santa Cecilia, Guanacaste, February 

1990, P. Rios, C. Moraga and R. Blanco 

[collectors] 700 m (Inst. de Biodiversidad, 
Sto. Domingo, C.R.). Other specimens 

studied but not designated paratypes in- 

clude: 3 males, Panama, Barro Colorado Is- 

land, Canal Zone, VI-1942, J. Zetek; 1 male, 
same locality, 5 February 1968, J. F. Law- 

rence; | male, Hamburg Farm, Reventazon, 

Ebene Limon, 15 August 1925, F. Never- 

mann; 2 (male, female), Mexico, Oaxaca, 
4.5 mi. S Valle Nacional, 16 August, 1973, 
A. Newton; 2 (male, female), Mexico, Hi- 

dalgo, Tenango Doria, 29 July, 1969, S. & 

J. Peck. Holotype, allotype and paratypes 

in MCZC; paratypes in USNM, CISC, and 

OSUC. Host data accompanying specimens 

include Ganoderma nitidum and G. ap- 

planatum in Costa Rica and Ganoderma sp. 

(Oaxaca) and Phellinus sp. (Hidalgo), Mex- 

ico. 

Remarks: This species is most like N. 

lecontei Champion with frontal horns al- 

most identical, but may be positively dis- 

tinguished from it by the very different male 
genitalia (Fig. 10). In the male of N. /aw- 

rencei, there is no sharp bridge connecting 

the bases of the frontal horns and the post- 
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ocular pits are deeper. Also, the punctures 

of the head and pronotum are extremely 

minute and quite inconspicuous in both 

sexes of N. lecontei. In males with drasti- 
cally reduced frontal horns, the aedeagus 

should be examined to distinguish N. /a- 
wrencei from N. lecontei. 

Neomida divergicornis, NEw SPECIES 

Fig. 3 

Holotype, male: Small, elongate-oval, 
strongly convex, reddish-brown, shining. 

Head with two long, widely separated, por- 

rect, somewhat flattened, divergent frontal 

horns which are in contact laterally with 

eyes, and apices blunt and subtruncate; frons 

flat between horns, coarsely but sparsely 

punctured; clypeus well-defined, slightly 

raised posteriorly, almost impunctate, with 

two acute, prominent tubercles situated lat- 

erally; genal margin expanded and abruptly 

distinct from clypeus, slightly reflexed; eyes 

large, reniform, deeply emarginate anteri- 

orly, posterior margin straight; antennae 

with basal four and apical segments pale, 

intermediate segments darker, outer eight 

segments transversely expanded to form a 

compact club; terminal segment of maxil- 

lary palpus elongate-oval, yellowish; men- 

tum small, triangular. Pronotum strongly 

transverse, abruptly declivous laterally and 

slightly so anteriorly, widest about middle, 

all angles obtusely rounded, base bisinuate, 

anterior margin almost truncate, slightly 

produced medially; surface coarsely and 

densely punctured, most punctures sepa- 

rated by about their diameters. Elytra slight- 
ly wider than pronotum, lateral margin sub- 

parallel; coarsely punctate-striate, intervals 

distinctly convex, moderately coarsely and 
densely punctured; setae exceedingly minute 

and inconspicuous. Ventral surface concol- 

orous with dorsum, coarsely punctured; legs 

yellowish; prosternal process deflexed be- 

tween procoxae; protibiae not expanded: 

tarsi clothed beneath with long, fine, yel- 

lowish setae; epipleura abbreviated near last 
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visible abdominal suture. Aedeagus as in 

Fig. 11. Length: 4.4 mm; width: 2.0 mm. 

Female, allotype: Similar to male but 
lacking clypeal tubercles and frontal horns. 
The frons is coarsely and rugosely punc- 

tured and the clypeus is more coarsely and 

densely punctured than in the male. Length: 

3.8 mm; width: 1.7 mm. 

Variation: The male paratype has both 

the frontal horns and clypeal tubercles re- 

duced to less than half that of the holotype. 

Types: Holotype, allotype and one male 
paratype: Mexico, Veracruz, 10 mi. W Pa- 

nuco, 9-VI-1974, A. Raske (all in CASC). 

Remarks: This species closely resembles 

N. clavicornis but both sexes are readily sep- 

arable from the latter. The elytral sculptur- 

ing and punctation are almost identical as 
are the clypeal tubercles in the males. The 

greatest difference is in the deep median 

concavity on the frons immediately behind 
the frontal horns. 

The female of N. clavicornis has the genal 

margins strongly expanded and reflexed as 

in the male, whereas N. divergicornis has 

the genal margin almost continuous with 
the clypeal margin and not at all reflexed. 

The rugosely punctured frons 1s diagnostic. 

Neomida heterocera, NEW SPECIES 

Fig. 4 

Holotype, male: Moderately large, elon- 

gate-oval, strongly convex, dark reddish- 

brown, shining. Head with frontal horns 

asymmetrical, the left shorter, thinner, and 

uniform in width, the right expanded and 

bluntly rounded apically, both horns bowed 

slightly inward; vertex flat, smooth, mi- 

nutely and sparsely punctate, not differen- 

tiated from frons; clypeus well-defined, 
smooth, finely and sparsely punctate; clyp- 

eus and genae reflexed, two blunt clypeal 

tubercles connected by reflexed margin; eyes 

moderately large, not deeply emarginate an- 

teriorly, dorsal lobe about 4 size of ventral: 
antennae with distal seven segments trans- 

verse, forming a stout club, segment four 
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with only anterior portion expanded and 

involved in club; black with basal two and 

terminal segments reddish; maxillary pal- 

pus elongate-oval, subtruncate apically; 

mentum convex, sparsely setose. 
Pronotum strongly transverse and con- 

vex, strongly deflexed anteriorly, widest 

about middle, all angles obtusely rounded, 

anterior margin bisinuate with thick bead; 
basal margin feebly bisinuate, strongly 

beaded; surface smooth, uniformly finely 

and densely punctured. 

Elytra subequal in width to pronotum, 

lateral margins straight and parallel, surface 

finely, somewhat obscurely punctate-stri- 

ate, punctures not in grooves and not very 

closely spaced; intervals flat, rather coarsely 

punctured, minutely setose. Ventral surface 

concolorous with dorsum; flanks of pro- 

notum smooth, impunctate: prosternum al- 

most impunctate; prosternal process strong- 

ly deflexed posteriorly, its apex not 

prominent; tibiae all relatively slender: fem- 

ora minutely strigose; tarsi sparsely clothed 

beneath with short yellowish setae; meta- 

sternum smooth medially with a few sparse 

punctures laterally, not strongly notched an- 

teriorly, median incised line extending more 
than half way from base toward anterior 

margin; abdominal sterna coarsely but shal- 

lowly, not very densely punctured, finely 

setose. Epipleura abbreviated opposite mid- 

dle of last visible abdominal segment. Ae- 

deagus as in Figure 12. Length: 4.25 mm; 
width: 1.8 mm. 

Allotype, female: Similar to male in size, 

coloration and punctation: differs in lacking 

frontal horns and any trace of clypeal tu- 

bercles; clypeus is deflexed anteriorly, not 

continuous with slightly reflexed genae; pro- 

notum not deflexed anteriorly and with a 

much finer bead. Length: 3.75 mm, width: 

1.7 mm. 

Variation: In well developed males, the 

asymmetry of the frontal horns is readily 

apparent; even in poorly developed males, 

the right horn is always at least slightly 

larger than the left. Measurements: Males, 
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Figs. 5-8. 

Length: 3.4 mm. 6, N. deltocera, n. sp., ¢ (Panama: Barro Colorado Is.). Length: 2.8 mm. 7, N. paurocera, n. 

sp., 6 (El Salvador: Quezaltepeque). Length: 3.5 mm. 8, N. acera, n. sp., 6 (Panama: Barro Colorado Is.). Length: 

4.6 mm. 

length: 3.0-4.4 mm; Width: 1.5-1.9 mm. 

Females, length: 3.2-4.5 mm; width: 1.5- 
1.8 mm. 

Types: Holotype, male and allotype, fe- 

male, Costa Rica, Guanacaste, W slope Vol- 

can Miravalles, 2800 ft., VI-29-1992, J. T. 
Doyen, ex Inonotus sp. (CISC); 35 male, 24 

female paratypes, same data; 54 male, 45 

female paratypes, same data except 3600- 

3800 feet. Paratypes in CISC and OSUC. 

Diagnosis: This is the only species of 

Neomida 1 have seen with asymmetrical 

frontal horns. It most closely resembles N. 

punctatissima (Champion) but that species 

is larger and has both pronotum and elytra 

much more coarsely and densely punctured 

Neomida spp., lateral aspect of head. 5, N. pogonocera, n. sp., 6 (Panama: Barro Colorado Is.). 

and, of course, the frontal horns are sym- 

metrical. 

Neomida pogonocera, NEW SPECIES 

Fig. 5 

Holotype, male: Small, elongate-oval, 

robust, strongly convex, light brownish-yel- 

low, shining. Head with two long, slender 

cylindrical, porrect horns between and not 

quite in contact with inner margins of eyes; 

horns gradually tapering to apex and capped 

with long, slender, golden setae which are 

curved inward at their tips; vertex with con- 

cave depression between horns; clypeus 

slightly convex, distinctly set off from frons, 
with two long, stout recurved tubercles oc- 
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cupying most of anterior margin; entire sur- 
face of head impunctate but with fine pat- 

tern of microreticulations; eyes relatively 

small, deeply emarginate, with dorsal lobe 

much smaller than ventral lobe; antennae 

with distal 8 segments transverse, forming 

a loose club; mentum strongly convex, 

clothed with dense, short, pale setae me- 

dially. Pronotum transverse, convex, widest 

about middle, anterior angles almost right, 

basal angles obtusely rounded; both anterior 

and basal margins feebly bisinuate; entire 

border finely beaded: surface uniformly 

coarsely and densely punctured, most punc- 

tures separated by about their own diame- 
ters. Elytra slightly narrower than prono- 

tum, lateral margins straight and parallel, 
surface confusedly punctured, punctures 

subequal to those of pronotum in size and 

spacing. Ventral surface concolorous with 

dorsum; flanks of prothorax rugosely but 

shallowly punctured, especially anteriorly; 

prosternum smooth and impunctate, pro- 

sternal process narrow between coxae, 
abruptly deflexed with apex not prominent; 

protibiae scarcely expanded from base to 

apex, outer margin very finely denticulate 

on distal half; all legs light yellowish; meta- 

sternum coarsely and densely punctured, 

median incised line deep caudally, extend- 
ing cephalad about half way to mesoster- 

num; abdominal sterna coarsely and dense- 

ly punctured laterally, more finely so 

nedially; epipleura abruptly abbreviated 

v-ell past last visible abdominal suture. Ae- 

deagus as in Fig. 13. Length: 3.4 mm; width: 

1.6 mm. 

Female: Differs from the male in lacking 

frontal horns and any trace of clypeal tu- 

bercles. The frons, vertex and clypeus are 

distinctly punctate. Length: 2.9-3.8 mm; 

width: 1.5-1.8 mm. 

Variation: There is little variation in the 

type series. The second male is slightly 

smaller (3.1 x 1.5 mm). 

Types: Holotype (male), allotype (fe- 

male) and 4 paratypes (1 male, 3 females, 

Panama, Barro Colorado Island, Canal 

Zone, February 6, 1968, J. F. Lawrence, on 
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Ganoderma sp. (Lawrence Lot No. 2340) 
Holotype, allotype and 2 paratypes in 

MCZC; male, female paratype in OSUC. 

Other specimens examined, but not desig- 
nated paratypes: 5 males, 4 females, Brazil, 

Chapada, August (ICCM): 2 males, Buyana, 
Moroni, LeMoult (Termeszettudomanyi 

Museum, Budapest, Hungary). | male, Ven- 

ezuela, Suapure, Caura River, February 

1899, E. A. Klages (CUIC). 1 male, 1 fe- 

male, Peru, Tambopata Prov., 15 km NE 

Pto. Maldonado, 18 July 1989, J. S. Ashe, 
R. Leschen (SEMC). 

Remarks: This species is most like N. 

inermis (Champion) but is considerably 

larger, more robust and lighter in color. The 

long setae at the apex of the frontal horns 

are diagnostic. Both species have converg- 

ing frontal horns and stout clypeal horns 

which in some males of N. inermis are 

somewhat recurved as in the present spe- 

cies. 

Neomida deltocera, NEw SPECIES 

Fig. 6 

Holotype, male: Small, elongate-oval, 

moderately convex, reddish-brown, feebly 

shining. Head with two very short, porrect, 

conical frontal horns which are in contact 

laterally with eyes, each horn about as high 

as its base is long; frons between horns deep- 
ly, longitudinally excavate, surface smooth 

with a few poorly-defined shallow punc- 

tures; clypeus well-defined, smooth, finely 

punctate and with two small, nipple-like tu- 

bercles situated apically but not in contact 

with margin; genal margin rounded and 

smoothly continuous with clypeal margin, 

not greatly expanded or reflexed: eyes large, 

reniform, deeply emarginate anteriorly, 

posterior margin straight; antennae yellow- 

ish, outer eight segments transversely ex- 

panded to form a compact club which is 

relatively narrow for the genus; terminal 

segment of maxillary palpus elongate-oval; 
mentum longitudinally convex with a few 

short, yellowish setae. Pronotum strongly 

transverse, widest behind middle, all angles 

strongly rounded, base feebly bisinuate, an- 



424 

terior margin feebly emarginate; surface 

densely, finely and uniformly punctured. El- 
ytra slightly wider than pronotum, lateral 

margins parallel, straight; surface finely, 

densely and confluently punctured, each 

puncture bearing a minute recumbent, yel- 
lowish seta; entire dorsal surface with pat- 

tern of micro-reticulations. Ventral surface 
reddish-brown, legs slightly paler; flanks of 
prothorax smooth; prosternal process rather 

broad, convex between coxae, margined lat- 

erally, the apex deflexed and obtuse; pro- 

tibiae not expanded; tarsi clothed beneath 

with short, stiff setae; metasternum coarsely 

punctured, more densely so laterally and 

with a well-defined median longitudinal in- 

cised line; abdominal sterna finely and 

densely punctured, minutely pubescent; 

epipleura entire to apex. Aedeagus as in Fig. 

14. Length: 3.0 mm; width: 1.4 mm. 

Allotype, female: Similar to male but 

without cephalic armature. A shallow, lon- 

gitudinal frontal impression and slightly 

swollen areas instead of frontal horns barely 
perceptible; entire frontal area including 

clypeus finely and densely punctured. 

Length: 3.0 mm.; width: 1.4 mm. 

Variation: There is virtually no variation 

in the development of cephalic armature in 

the males of this species. Deep-seated pig- 

ment spots which give the illusion of striae 

are very large in the darker specimens and 

absent in the lighter ones. This same char- 

acter appears in many of the brownish spe- 

cies of Neomida but is especially pro- 

nounced in this one. The lightest specimens 

appear to be teneral. 

Size: Males: Length: 2.6-3.1 mm, width: 

1.2-1.4 mm; females: Length: 2.6-3.2 mm; 

width: 1.3-1.4 mm. 

Types: Holotype, male, allotype, female, 
and paratypes (70 males, 63 females) all from 

Barro Colorado Island, Canal Zone, Pana- 

ma, June, 1942, James Zetek. Additional 

paratypes: 3 males, Barro Colorado Island, 
Canal Zone, Panama, March 18, 1967, B. 

Patterson, on Ganoderma applanatum, 2 
males, | female, same location, April 17, 

1967, J. F. Lawrence, on Ganoderma ap- 
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planatum, 2 males, same location, April 7, 

1967, J. F. Lawrence, on Fomes scleroder- 

meus, 11 males, 8 females, Fort Sherman, 

Canal Zone, Panama, April 2, 1967, J. F. 

Lawrence, on Ganoderma applanatum and 

G. zonatum; | male, 1 female, Panama, Cer- 

ro Campana, August 9, 1969, J. F. Law- 

rence; 8 males, females, Panama, Alhajuelo, 

April, 1911, A. Busck. Holotype, allotype 

and paratypes in MCZC; paratypes in 

USNM, OSUC and BMNH. 
Other specimens examined: 3 males, | 

female, 2.5 mi. SW of Rincon, Puntarenas, 

Costa Rica, March 1-7, 1967, Robin An- 

drews, on Ganoderma nitidum, 3 males, | 

female, Suriname, Brokopondo District, 

Brownsberg Natuurpark, Mazaroni Plateau, 
400-500 m., 24 August, 1982, W. E. Stei- 
ner, Jr. (USNM); 3 males, | female, French 

Guiana, St. Laurent du Maroni (MNHN); 

2 males, | female, Brazil, Maranhao, 50 km. 
E Candide, Para, 28-V-63, B. Malkin 

(FMNH); 25 males, females, Brazil, San- 

tarem, acc. no. 2966 (ICCM); 3 males, | 

female, Guyana, Bartica, R. J. Crew 

(USNM),; 4 males, 2 females, Dominica, 
W.I., Clarke Hall, VIII-13-1964, T. J. Spil- 

man (USNM). 

Remarks: This species closely fits Cham- 

pion’s description of N. pentaphylloides ex- 

cept that it does not have an excavation 

behind the frontal horns and it does have 

small tubercles on the clypeus of the male 

which Champion did not mention for pen- 

taphylloides. Specimens submitted to C. M. 
F. von Hayek were compared with the type 

and she verified that N. deltocera and N. 

pentaphylloides were indeed different in re- 

gard to these characters. She also pointed 

out that N. de/tocera“‘seems more shiny and 

the punctures on the pronotum more widely 

separated.” 

Neomida paurocera, NEW SPECIES 

Fig. 7 

Holotype, male: Small, elongate-oval, 

moderately robust, strongly convex, dark 

reddish-brown, glabrous, shining. Head with 
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Figs. 9-16. Aedeagi of Neomida spp., dorsal and lateral aspects. 9, N. dolichocera. 10, N. lawrencei. 11, N. 

divergicornis. 12, N. heterocera. 13, N. pogonocera. 14, N. deltocera. 15, N. paurocera. 16, N. acera. 

frontal horns reduced to small tubercles near 

inner margins of eyes, frons and vertex 
moderately coarsely, closely punctured, 

clypeus well-defined, swollen, abruptly de- 

fexed anteriorly, without trace of tubercles, 
finely and densely punctured; eyes small, 
deeply emarginate anteriorly with dorsal 

lobe about '3 as large as ventral lobe. Pro- 

notum transverse, convex, widest behind 

middle, anterior and basal angles both ob- 

tusely rounded, anterior margin subtrun- 

cate, basal margin bisinuate; surface finely 
and not very densely punctured, most punc- 

tures separated by several times their di- 

ameters. Elytra subequal in width to pro- 

notum, lateral margins straight and parallel; 

surface finely punctate-striate; intervals flat, 
punctures fine, shallow, dense. Ventral sur- 

face concolorous with dorsum, flanks of 

prothorax longitudinally rugosely punc- 

tured; prosternum rugosely punctured, 

prosternal process abruptly deflexed be- 
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tween coxae with apex not prominent; pro- 

tibiae gradually expanded from base to apex, 

outer margin with strong denticles apically, 
decreasing in size toward base, dense patch 

of golden setae on inner margins; metaster- 
num coarsely punctured laterally; abdomi- 

nal sterna very coarsely and densely punc- 

tured; epipleura abbreviated about opposite 

last visible abdominal suture. Aedeagus as 

in Fig. 15. Length: 3.7 mm; width: 1.7 mm. 
Female: Almost identical to male except 

with even smaller frontal tubercles, sub- 

equal to male in size. 

Variation: Because of the similarity in 

the sexes, | am only recording maximum 

and minimum measurements: Length: 3.5- 

4.6 mm; width: 1.6—2.2 mm. 

Types: Holotype (male), allotype (fe- 

male) and 72 paratypes (38 males, 34 fe- 

males), Honduras, Copan ruins, 9 Oct., 
1993, R. Turnbow. Eleven paratypes, El 

Salvador, 4 mi. W. Quezaltepeque, August 

5, 1961; 2 paratypes, 2 mi. S. Quezalte- 

peque, July 19, 1961; 1 paratype, 3 mi. W. 

Quezaltepeque, August 1, 1961; 1 paratype, 
10 mi. N. Quezaltepeque, July 3, 1961, all 

collected by M. E. Irwin. Holotype and 

allotype in USNM,; paratypes in UCDC, 

OSUC, BMNH and R. H. Turnbow collec- 

tion. 
Remarks: Initially I thought the two se- 

ries of specimens from Honduras and El 

Salvador were populations of small N. ob- 

soleta (Champion). Examination of the male 

genitalia convinced me that they represent- 

ed a new species. The complete lack of clyp- 

eal tubercles in either sex and the tiny fron- 

tal tubercles will separate the males from N. 

obsoleta. 

Neomida acera, NEw SPECIES 

Fig. 8 

Holotype, male: Small, elongate-oval, 

slender, strongly convex, light reddish 

brown, glabrous, shining. Head lacking both 

frontal horns and clypeal tubercles, frons, 

vertex and clypeus very finely and sparsely 
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punctulate; eyes small, deeply emarginate 

anteriorly, with dorsal lobe about '4 as large 

as ventral lobe. Pronotum transverse, con- 

vex, widest behind middle, all angles ob- 

tusely rounded, anterior margin rounded, 
basal margin bisinuate; surface uniformly 

finely and sparsely punctate, most punc- 

tures separated by several times their di- 

ameters. Elytra subequal in width to pro- 

notum, lateral margins straight and parallel; 

surface coarsely punctate-striate, intervals 

subconvex, rather coarsely punctate. Ven- 

tral surface concolorous with dorsum, flanks 

of prothorax finely, longitudinally punc- 

tured (strigose), prosternal process abruptly 
deflexed between procoxae with apex not 

prominent; protibiae gradually expanded 

from base to apex, outer margin finely den- 

ticulate on apical half; metasternum prac- 

tically impunctate medially with a few coarse 
punctures laterally; abdominal sterna 

coarsely and densely punctured; epipleura 

abbreviated about last visible abdominal 

suture. Aedeagus as in Fig. 16. Length: 4.8 

mm; width: 2.1 mm. 

Female: Indistinguishable externally 

from male. 
Variation: Because of the similarity in 

the sexes, I am recording maximum and 

minimum measurements of both males and 

females: Length: 4.2-4.8 mm; width: 1.7- 

2.1 mm. 
Types: Holotype (male, dissected), para- 

types, same data (15); same locality but 9-II- 

1968, Panama, Canal Zone, Barro Colorado 

Island, VI-8-1969, 9-II-1968 (4). 31-VII- 
1969 (3), J. F. Lawrence; same locality I/ 

19-I11/9, 1975 (7), Lawrence and Erwin (7). 

Costa Rica, 2.5 mi. SW Rincon, Puntare- 

nas, III-I-7, 1967, Robin Andrews (1); same 

locality and date, OTS Adv. Zoo. (no col- 

lector) (3). All except the last three were 

labelled as collected on Fomes (= Nigro- 

fomes) melanopterus. Holotype and para- 

types in MCZC; paratypes in OSUC. 

Remarks: This species is most similar to 

N. paurocera. It may be readily separated 
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by the quite different shape of the aedeagus 
(compare Figs. 15 and 16). The male of N. 

paurocera has small but distinct frontal tu- 

bercles, the elytra are less strongly punctate 

(both striae and intervals), and the intervals 

are flat (not subconvex). 
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Abstract. —Fogging of the high forest canopy in Panama yielded 15 species of a genus 

previously known from few specimens from scattered Neotropical localities. The addition 

of other Central American specimens, including the previously described N. compta (Duda) 

and N. schildi Duda, made a total of 18 species, of which 16 are new (one left unnamed). 

New species of Notaulacella are vittata, spinosa, buscki, cabimae, albitarsis, polita, pau- 

cipilosa, octicola, zeteki, lineigena, sagittata, broadheadae, ligatura, tripunctata, laterivit- 
tata. 

Key Words: 

The chloropid genus Notaulacella Ender- 

lein (subfamily Oscinellinae) has been little 

noticed, and few specimens from the Neo- 

tropical Region are known in collections. 

Six species have been described, three from 

southern Brazil, one from Paraguay, and two 

from Costa Rica, from a total of less than 

20 specimens. It was therefore of unusual 

interest to find 15 distinct species of the 

genus, 14 new, in a large collection of Chlo- 

ropidae made by fogging the high forest can- 

opy of trees in Panama, in a study con- 

ducted by Mrs. Elcy C. Broadhead, 

University of Leeds, England. These and a 

few other specimens are described and keyed 

here as a contribution to the study of species 

diversity in tropical forests and in particular 

in the forest canopy, a ‘frontier’ that is of 

special interest at the present time. 

Enderlein described the genus in 1911 
from a new species, N. armillata, from 

southern Brazil. Oddly enough, in another 

genus in the same paper he described two 

species that really belonged in his new ge- 

Taxonomy, Diptera, Chloropidae, Notaulacella, new species, canopy fogging 

nus, Oscinosoma angustata and O. trape- 

zisoptron, also from southern Brazil. Becker 

(1912), in his large monograph of the Neo- 

tropical Chloropidae, referred the species to 

Oscinella Becker and redescribed them from 

the types, apparently without additional 

material. Duda (1930), in monographing the 

Neotropical Chloropidae, proposed a new 

genus Baseoneura for two new species (Cos- 

ta Rica, Paraguay) plus Enderlein’s two spe- 

cies of Oscinosoma, and Notaulacella ar- 
millata Enderlein, the type species of 
Notaulacella! Duda (1931: 165) corrected 

his error and synonymized Baseoneura un- 

der Notaulacella. Finally, Duda (1933) de- 
scribed N. trapezisoptron var. schildi from 

Costa Rica, a form now recognized as a dis- 

tinct species. 

Eighteen species are here recognized from 
Central America, of which 16 are new (one 

left unnamed) and two previously de- 

scribed. Other than the canopy material, the 

difficulty of past study is evidenced by the 
extreme scarcity of available material. In 
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addition to specimens from Central Amer- 

ica, the National Museum of Natural His- 

tory in Washington contains 13 specimens 
of 12 or 13 species, mostly undescribed, from 

7 countries (one specimen from Jamaica, 

the others from South America, ranging 

from Colombia to Argentina). No doubt 

canopy collecting from other areas would 

yield additional new species from the Neo- 

tropical Region. 
The type material of the six described spe- 

cies was studied in previous years. The Cen- 

tral American species are distinct from the 

four described from southern Brazil and 

Paraguay. Type material of the new species 

is in the National Museum of Natural His- 

tory, Washington, D.C. [USNM]. 

The canopy fogging was carried out at two 

localities in Panama (Canal Zone), one near 

Colon, a humid forest on the east shore of 

Gatun Lake, 2-14 July 1979 (Trees 1-8); 

the other some miles south of Panama City, 

a monsoon forest, 15-30 July 1979 (Trees 
9-16) (collectors E.C. Broadhead et al.). 

Identifications of some of the species of trees 
are available, but the scattering of species 

of flies does not indicate that the individual 
tree identities are significant. Tree numbers 

are used for brevity to simplify the data and 

to show the scatter of records. The Gatun 

Lake locality was apparently more favor- 

able for these flies, at least for the genus 
Notaulacella; 3.6 times as many specimens 

of this genus were collected on Trees 1-8 as 

on Trees 9-16. 

The biology is unknown. The few rearing 
records cited under the species (see N. 

compta and N. zeteki) are so varied as to 

suggest that the larvae may be scavengers, 

living in frass produced by phytophagous 

insects. 

Notaulacella Enderlein 

Notaulacella Enderlein 1911: 212. Type, N. 
armillata Enderlein (orig. des.). 

Baseoneura Duda 1930: 69, 71. Type, N. 

armillata Enderlein (des. Duda 1931: 

165). 

429 

Notaulacella, Sabrosky & Paganelli 1984: 

24. 

Ocellar setae strong and proclinate, di- 
vergent, stronger and longer than either 

postocellars or inner verticals, approaching 

development of outer verticals; vein R2 + 

3 long and cell rl (marginal cell) narrow, 

only half as broad as narrowest part of cell 

r2 + 3; basal section of vein R4 + 5 very 

short, approximately equal to the short r-m 

crossvein; discal cell long and narrow, ap- 

proximately equally broad throughout, 

crossvein r-m strongly basad, almost op- 

posite basal fourth to third of discal cell; 

halter knob conspicuously whitish yellow; 

abdomen nondescript, chiefly infuscate, 

yellowish towards base. Male genitalia small, 

of the same general pattern in the six species 

examined, with epandrium inconspicuous; 

cerci ranging from slight pointed projec- 

tions to rounded and either narrowly or more 

widely separated (Fig. 2); surstyli charac- 

teristic, all species showing short and broad 
surstyli with numerous fine hairs, the short 

hairs covering most of the inner surface and 

a narrow mesal rim of longer hairs on the 

outer surface (Figs. 2, 2a). Length, 1.5-2 

mm. 
The species of this genus are so uniform 

in size, habitus, and generic features that 
individual descriptions can be somewhat 

abbreviated. The genus has a unique com- 

bination of attributes, each of which 1s also 

unique or of limited occurrence in the fam- 

ily as a whole. The wing venation is es- 

pecially characteristic (Fig. 1), with the r-m 

crossvein opposite the basal fourth to third 

of the discal cell, which suggested the name 

of its junior synonym, Baseoneura Duda. 

Key TO CENTRAL AMERICAN 

SPECIES OF NOTAULACELLA 

1. Thorax chiefly or entirely yellow to orange- 

yellow or reddish yellow er 

— Thorax largely black or black-brown, or al- 

most entirely so ... : : ; 8 
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Figs::1),.2; 

(Thorax yellow) 

. Scutum with 4 reddish to brown stripes on 

yellow background, plus supraalar vittula on 

each side ... 1. N. vittata, n.sp. 

Scutum unicolorous, without stripes Ae eS 

. Frontal triangle yellow; front femur with row 

of short, stout black setae antero- and pos- 

teroventrally on distal halfto 4 .......... 

2. N. spinosa, n.sp. 

1, wing of N. paucipilosa;, 2, male epandrium of N. compta; 2a, inner surface of left surstylus. 

Frontal triangle black or dark reddish, in 

striking contrast to yellowish thorax; front fe- 

mur with fine hairlike setae ............... 4 

. Frontal triangle dull or dully shining, gray mi- 

crotomentose .... Bite RAS Datrcisieee Aoare 5 

Frontal triangle smooth and polished ....... 6 

. Frontal triangle broad and long, acute apex 

almost at anterior margin of frons; frons yel- 

low outside the triangle ..... 3. N. buscki, n.sp. 
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Ie 

. Front tarsus yellowish 

Frontal triangle narrowly acute to middle of 

frons; frons broadly black on posterior */ 

8 GOSS ee ee ee 4. N. compta (Duda) 

. Frontal triangle long, apex at anterior margin 

OMMNONS eee te Aa etts ha eis sae ee, oes 7 

Frontal triangle short, apex little beyond mid- 

dleiofsironst teen. ae ade a sakos 23k 5. N. sp. 19 

. 6. N. cabimae, n.sp. 

Front tarsus with at least distal 4 tarsomeres 

WL Ne tnecadie ieee Sica een 7. N. albitarsis, n.sp. 

(Thorax black) 

. Scutum mostly polished black, non-micro- 

tomentose except on extreme sides (chiefly 

notopleura); mesopleuron polished black ee) 

Scutum dull to subshining, microtomentose; 

mesopleuron usually partly microtomentose 11 

. Gena polished black except around base of 

vibrissa ahs .8. N. schildi Duda 

Gena dull, gray or icin microtomentose .. 10 

. Scutum densely haired, approximately 10-12 

rows between dorsocentral impressions; fron- 

tal triangle relatively narrow, well separated 

from eyes at base, polished black except for 

narrow band of microtomentum near base and 

including ocellar tubercule ...9. N. polita, n.sp. 

Scutum less hairy, with more surface showing, 

an estimated 8 rows of hairs between dorso- 

central impressions; frontal triangle large, 

broad at base, without subbasal band of mi- 

crotomentum, ocellar tubercle polished black 

10. N. paucipilosa, n.sp. 

Frontal triangle short, apex only slightly an- 

terior to median ocellus; frons (mostly) and 

scutellum bright yellow ...11. N. octicola, n.sp. 

Frontal triangle longer, apex at middle of frons; 

frons and/or scutellum otherwise in most spe- 

cies 12 

. First two antennal segments black; tibiae black 

except narrowly yellow at base ....... 13 

First two antennal segments entirely or chiefly 

yellowish; tibiae yellow with two narrow black 

bands, one subbasal, one preapical .. . is l4 

. Gena conspicuously silvery microtomentose, 

narrow but still wider than usual in genus, nearly 

%> breadth of 3rd antennal segment and 0.14 

times height of an eye 12. N. zeteki, n.sp. 

Gena not conspicuously silvery microtomen- 

tose because extremely narrow, almost linear 

13. N. lineigena, n.sp. 

. Frontal triangle black, dull or at most sub- 

shining, densely gray microtomentose, sides 

slightly convex, apex almost at anterior mar- 

fab 1\(0) i 06) 5 uni gee oe 14. N. sagittata, n.sp. 

Frontal triangle black, shining, entirely or 

partly polished, sides straight, triangle not as 

long 

15. Gena relatively broad for the genus, ¥%—'2 

breadth of 3rd antennal segment, and glisten- 

ing silvery microtomentose; frontal triangle 

polished black, long, apex barely short of an- 

terior margin of frons ............ 

15. N. broadheadae, n.sp. 

- Gena narrower, nee at most '3 breadth 

of 3rd antennal segment, if silvery the frontal 

triangle with some microtomentum; triangle 

usually shorter 

16. Frontal triangle polished black, at most a nar- 

row band of microtomentum on each side 

slanted anterolaterally from ocellar tubercle 

to margin of triangle 16. N. ligatura, n.sp. 

— Frontal triangle with well developed micro- 

tomentum on apical portion of triangle and 

aAlONPyItSiSIdeS Weatct stats anata eno eieee: It7/ 

17. Gena linear to sublinear, hence not conspic- 

uously silvery microtomentose; scutellum 

yellow; typically frontal triangle with 3 pol- 

ished black spots, one preocellar, two lateral 

to posterior ocelli 17. N. tripunctata, n.sp. 

— Gena wider, 3 breadth of 3rd antennal seg- 

ment, wide enough to be conspicuously sil- 

very microtomentose; scutellum brown; typ- 

ically frontal triangle predominantly 

microtomentose with polished black lateral 

stripe alongside each posterior ocellus ... 

18. N. laterivittata, n.sp. 

1. Notaulacella vittata Sabrosky, 

NEw SPECIES 

Diagnosis.—Scutum yellow with reddish 

to brown stripes, the only vittate yellow spe- 

cies known in Central America. 
Male, female. Head mostly yellow, ocel- 

lar tubercle and frontal triangle, occiput ex- 

cept narrowly below vertex, narrow lower 

margin of gena, arista, and narrow dorsal 

margin of 3rd antennal segment infuscate; 

gena and parafrontal anteriorly silvery mi- 

crotomentose. Thorax yellow in ground col- 

or; scutum with four reddish to brown stripes 

and on each side a supraalar vittula, none 

quite reaching scutellum, the lateral stripes 
broadened anteriorly to a somewhat orbic- 

ular spot, the two median stripes narrowly 

separated by a yellow median acrostical line, 

the yellow dorsocentral lines wider and 
slightly impressed; scutellum yellow, post- 

scutellum polished black; fuscous spots on 

lower margin of anepisternum and anepi- 
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meron, and large spot on katepisternum. 

Abdomen with broad black bands on pos- 

terior 74 of tergites 2—5 (faint on 5), leaving 

a strongly banded appearance that is es- 

pecially noticeable in abdomens removed 

for treatment and dissection of male geni- 

talia. All setae of head and thorax black. 

Legs chiefly yellow, two narrow fuscous 

bands on each tibia, and slight infuscation 

on at least middle femur. 

Frons approximately as long as broad at 

base, and broader at vertex than width of 

eye viewed from above (21:12); frontal tri- 

angle due to subshining, finely microto- 

mentose, relatively short, acute apex only 

slightly beyond middle of frons, triangle al- 
most equilateral, length barely longer than 

basal width, base well separated from eyes 

and triangle thus appearing narrow; gena 

narrow, slightly less than half breadth of 3rd 
antennal segment. Legs slender, front femur 

without spines. 

Holotype male and allotype, Tree 8. Para- 

types: 7 males, 5 females, Tree 8; 2 males, 

Tree 6; 2 males, Tree 12. 

The holotype is the darkest specimen, with 

all stripes brown. Most specimens have the 

median stripes paler, with laterals and vit- 

tulae brownish. Palest specimens have all 

reddish stripes. Undoubtedly this reflects the 

varying degrees of maturity, and probably 

brown stripes are typical. 

Etymology.—The species is named for the 

striped scutum. 

2. Notaulacella spinosa Sabrosky, 

New SPECIES 

Diagnosis.— Yellow thorax, without 
stripes; frontal triangle smooth and pol- 

ished, orange-yellow; front femur with two 
rows of short, strong spines antero- and pos- 

teroventrally (unique feature). 

Male, female. Head and thorax mostly 

orange yellow; ocellar tubercle, arista, strong 

apical band on each tibia, front tarsus (per- 

haps other tarsi distally), and all bristles 

black, with a weak bidentate pattern on oc- 
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ciput and a trace of subbasal band on pos- 

terior tibia; gena silvery microtomentose. 
Frons approximately quadrate, but mea- 

suring slightly broader at vertex than length, 

and broader than an eye viewed from above 
(22:14); frontal triangle smooth and pol- 

ished, large, broad at base (narrowly sepa- 

rated from eyes), and acute apex at anterior 

margin of frons, the frons subshining out- 
side triangle; gena 3 breadth of 3rd antennal 

segment and 0.14 times height of an eye; 

front femur with six short, strong spines in 

each row anteroventrally and posteroven- 

trally, the rows forming a groove into which 

the front tibia fits. 

Holotype male, Tree 3; allotype, Tree 6. 

Paratypes: female, Tree 3; 2 males, 3 fe- 
males, Tree 6. 

Etymology.—The specific name refers to 
the strong spines on the front femur, the 
only species known at present to have these. 

3. Notaulacella buscki Sabrosky, 

NEw SPECIES 

Diagnosis.—Scutum orange yellow, un- 

striped. Frontal triangle black, subshining 

and microtomentose, broad and long. 

Male, female. Head partly black above, 

including occiput and frontal triangle; frons 

and face yellow; gena, narrow parafacial, and 

anterior corner of frons silvery microto- 

mentose; antenna yellow, arista and dorsal 
rim of 3rd antennal segment black. Thorax 

yellow, scutum orange yellow, unstriped; 

anepisternum slightly brown dorsally, per- 

haps a dorsal stripe in maturely colored 

specimens. Legs chiefly yellow, all tibiae with 
narrow subbasal and preapical bands. 

Frons appearing longer than broad, per- 

haps because of large frontal triangle, but 

actually length and basal width approxi- 

mately equal; frontal triangle large, broad 
at base, acute apex almost at anterior mar- 
gin of frons, subshining but densely bright 
gray microtomentose; posterior fronto-or- 

bital seta stronger than usual, and stronger 

than postocellar. Gena narrow, slightly over 
3 (0.375) breadth of 3rd antennal segment 
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and 0.14 times height of an eye. Legs slen- 

der, front femur without spines. 
Holotype male, Tree 7. Allotype, Tree 8. 

Paratype male, Tree 14. 

Etymology.—The species is named for 
August Busck, who did extensive collecting 
in Panama, especially in areas later flooded 

during the building of the Panama Canal. 

4. Notaulacella compta (Duda) 

Baseoneura compta Duda 1930: 71 (Costa 

Rica). 

Notaulacella compta (Duda) 1931: 165. 

Diagnosis.—Scutum orange yellow, un- 

striped; frontal triangle black, microtomen- 

tose, short, apex at middle of frons. 

Male, female. Head partly black, includ- 

ing occiput, frontal triangle, and most of 

frons; frons anteriorly yellow; broad para- 

frontal silvery microtomentose continuous 

with that of narrow parafacial and gena; face 
yellow, bordered narrowly in black, which 

continues along ventral margin of gena; me- 
dian plate of clypeus polished black; arista 
black, and dorsal margin of 3rd antennal 

segment infuscated. Scutum orange yellow, 
unstriped; pleuron with some vague brown- 

ish areas. Femora yellow; tibiae with narrow 

subbasal and preapical bands. 

Frons approximately as long as broad, but 

appearing broad, at base 1.83 times width 

of an eye viewed from above; frontal tri- 

angle densely bright gray microtomentose 
(except for narrow polished area beside each 

posterior ocellus) like surrounding frons, 

hence boundaries of triangle obscure, tri- 
angle short, acute apex about midway of 

frons and thus triangle small; gena narrow, 
Ys breadth of 3rd antennal segment and 0.10 

times height of an eye viewed from above. 

Front femur without spines. 

Distribution.—Costa Rica, Panama. The 

canopy collecting contained a female from 
Tree 6; male, 4 females, Tree 7; 3 males, 3 

females, Tree 8; male, 3 females, Tree 14; 
and female, Tree 15. I have also seen 2 fe- 
males from Panama: Darien Province, Pa- 
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tino Point, 1 Sept. 1952 (F. S. Blanton), and 

Canal Zone, Ancon, 8 Oct. 1923 (J. Zetek, 
No. 2345), “ex pods of Moringa oleifera 

tree” (Moringaceae) [Both USNM]. 

Several females have the polished areas 

laterad of the posterior ocelli somewhat 

larger, hence more conspicuous, but oth- 

erwise they are typical compta. 

5. Notaulacella NEw SPECIES no. 19 

One male, Tree 7, teneral with thorax col- 

lapsed, is clearly a new species. It is one of 

three yellow and unstriped species with pol- 

ished black frontal triangle, but its short tri- 

angle separates it easily from the other two. 

The silvery microtomentose gena 1s also 

wider than that of any of the other species 

with yellow thorax, half the breadth of the 
3rd antennal segment. Another helpful fea- 

ture is the black basal tarsomere on the front 

tarsus, with the remaining four tarsomeres 

whitish. It shares this feature with N. albi- 

tarsis, which has a long frontal triangle and 

a much narrower gena. 

6. Notaulacella cabimae Sabrosky, 

New SPECIES 

Diagnosis.—Thorax reddish, unstriped, 
scutellum yellow: frontal triangle smooth 

and polished, long, apex at anterior margin 

of frons. 
Female. Head partly black, including oc- 

ciput, frontal triangle, posterior half of frons 

on each side of triangle, and face and palpi; 
frons anteriorly orange yellow; in certain 

lights the frons, parafacial and gena silvery 

microtomentose; antenna reddish yellow, 
arista black. Thorax reddish, scutellum yel- 

low. Abdomen black except basally. Legs 

yellow, tibiae with the usual narrow sub- 

basal and preapical black bands. All setae 

black. 
Frons only slightly longer than broad, apex 

of frontal triangle at anterior margin of frons, 
the triangle well separated from eyes at ver- 

tex, and sides convex; gena narrow, only 'o 

eye height and less than '2 breadth of 3rd 
antennal segment. Scutum subshining, thin- 



434 

ly pale microtomentose, with numerous 

rows of hairs, about 8 rows between the 

dorsocentral lines. Legs slender. Front fe- 
mur without spines. 

Holotype female, Panama: Cabima, May 

1911 (A. Busck). 

Etymology.—The name is a genitive 

formed from the name of the type locality, 
a small village north of the Atlantic entrance 

of the Panama Canal. 

Among the yellowish species, the long and 

polished black frontal triangle groups this 

species at once with N. albitarsis, which has 

the distinctive black and white fore tarsus 

and also pale yellow palpi. 

7. Notaulacella albitarsis 

Sabrosky, NEw SPECIES 

Diagnosis.—Scutum yellow, unstriped, 

with long polished black frontal triangle: 
front tarsus whitish with basal tarsomere 

black. 

Male, female. Head chiefly yellow, occi- 

put, frontal triangle, and arista black; gena, 
linear parafacial, and parafrontal silvery 

microtomentose. Thorax orange yellow. 

Legs yellow, only distal third of front tibia 

and the front basitarsus black; middle and 
posterior tarsi yellow, distal four tarsomeres 

of front tarsus whitish. 

Frontal triangle polished, long, apex at or 

near anterior margin of frons; ocellar tu- 

bercle subshining, microtomentose. Gena 

narrow, '3 breadth of 3rd antennal segment 

and 0.13 times height of an eye viewed from 

above. Front femur without spines. 

Holotype male and allotype, Tree 2. 

One male, Tree 5, is in very poor con- 
dition but is close to this species, differing 
only in having the front basitarsus also white 

but with slight infuscation at its extreme 
base. Perhaps this is variation or a result of 

its teneral condition. 

Etymology.—The name of the species re- 

fers to the chiefly white fore tarsi. 
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8. Notaulacella schildi Duda 

Notaulacella trapezisoptron var. schildi 
Duda 1933: 200 (Costa Rica). 

Notaulacella schildi Duda; Sabrosky & Pa- 

ganelli 1984: 24. 

Diagnosis.— Polished black thorax; large 

and long frontal triangle; gena polished 
black, not microtomentose (unique char- 

acter). 

Male. Head black, only palpus yellow; 3rd 

antennal segment brownish except narrowly 

at base of arista, paler and contrasting with 

coal black segments | and 2; gena polished 

black; parafacial wider than usual, it and 

frons alongside frontal triangle bright gray 

microtomentose. Thorax polished black. 

Front coxa, and all femora and tibiae except 

narrowly at knees, black; front basitarsus 

black, remaining four tarsomeres whitish; 
middle and posterior tarsi yellow. 

Frons with large and long frontal triangle, 
broad at base, apex at anterior margin of 

frons, smooth and polished; ocellar tubercle 

microtomentose; gena narrow, '3 breadth of 

3rd antennal segment and 0.08 times height 

of an eye. Front femur without spines. 

Holotype male: Costa Rica: Higuito San 

Mateo (Pablo Schild) [USNM]. 

9. Notaulacella polita Sabrosky, 
New SPECIES 

Diagnosis. — Black, with yellow front coxa; 
frontal triangle polished black; scutum and 

pleuron almost entirely polished, highly 

shining. 

Female. Head chiefly black, only anterior 
third of frons, gena in ground color, antenna 

except arista, and narrow margin of 3rd an- 

tennal segment yellow; palpus black; gena 

and linear parafacial silvery microtomen- 

tose; frons outside of triangle bright gray 
microtomentose. Thorax black. Front coxa 

yellow; front femur black on distal half, 

middle and posterior femora shining black 
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except at knees; front and middle tibiae yel- 
low, posterior tibia broadly black mesally. 

Frons not especially broad, width at ver- 

tex slightly wider than an eye, viewed from 

above, and about equal to length of frons; 

frontal triangle smooth and polished except 

for microtomentose base and ocellar tuber- 

cle, long, its apex at anterior margin of frons; 

gena narrow, '3 breadth of 3rd antennal seg- 

ment and 0.09 times height of an eye. 

Thorax and pleuron polished except for 

slight microtomentum on notopleuron and 

edge of supraalar area; scutellum microto- 

mentose; scutum densely haired, approxi- 

mately 10-12 rows between the dorsocen- 

tral lines. Front femur without spines. 

Holotype female, Tree 8. 
The perfect condition of the holotype per- 

mits full description from the single ex- 

ample. 

10. Notaulacella paucipilosa 

Sabrosky, NEw SPECIES 

Diagnosis. — Polished black, near N. poli- 
ta but scutum sparsely haired. 

Male. Head black, only gena yellow in 

ground color and 3rd antennal segment or- 

ange basally, contrasted with black first two 

segments; gena and narrow parafrontal and 

parafacial slivery microtomentose. Thorax 

entirely black. Front coxa at least partly 

black (probably black in fully mature spec- 
imens); all femora black except at knees; all 

tibiae two banded, all tarsi yellowish, some- 
what infuscated distally. 

Frontal triangle smooth and _ polished, 

broad and large, occupying most of frons, 
apex at anterior margin of frons; ocellar tu- 

bercle polished black (unique); gena narrow, 

Ys breadth of 3rd antennal segment and 0.14 

times height of an eye. 
Scutum and pleuron polished except for 

microtomentum in a narrow prescutellar 

band and on notopleuron; scutellum micro- 

tomentose; scutum sparsely haired, 6-8 rows 

between dorsocentral lines. Front femur 
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without spines. Vein 2 + 3 shorter than 

usual in genus, though not as short as in N. 

sagittata, length of 2nd: 3rd costal sectors 

as 30: 19! 

Holotype male, Costa Rica: La Suiza, 

April 1922 (Pablo Schild). 
Etymology.—The name, an adjective, re- 

fers to the sparsely haired scutum. 

11. Notaulacella octicola, 

NEw SPECIES 

Diagnosis.—Thorax chiefly black, but 

humeri whitish yellow and dorsocentral lines 

paler, appearing to mark off stripes. Front 

coxa yellow and legs chiefly yellow. 

Male, female. Head chiefly yellow, the oc- 
ciput, frontal triangle, a band across vertex 

between eyes, narrow line on each side (fa- 

cial ridge) continued along ventral margin 

of gena, narrow median plate of clypeus, 
arista, and narrow dorsal margin of 3rd an- 

tennal segment black; gena silvery micro- 

tomentose continuous with microtomen- 
tum of linear parafacial and broad 

parafrontal clear to vertical setae; palpus 

yellow. Thorax chiefly black, the humerus, 
notopleuron, and scutellum bright whitish 

yellow; dorsocentral lines narrowly yellow, 

appearing to delineate three broad stripes. 

Abdomen black, tergites 3-5 almost entirely 

so, only narrowly yellow at base, as revealed 

in specimens treated and dissected for male 

genitalia. Front coxa yellow; front femur 
yellow, middle and posterior femora more 

or less browned mesally; all tibiae with two 

narrow bands, subbasal and preapical; tarsi 

yellow. 

Frons approximately quadrate, width at 

vertex 1.4 times width of an eye, viewed 

from above; frons and frontal triangle mi- 

crotomentose, latter small, very short, end- 

ing little anterior to median ocellus; gena 

narrow, '3 breadth of 3rd antennal segment 

and 0.09 times height of an eye. 
Scutum and upper part of pleuron dull or 

only weakly shining, rather thickly brown- 
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gray microtomentose. Front femur without 

spines. 
Holotype male, allotype, and 26 para- 

types (11 males, 15 females), Tree 8. Other 

paratypes: female, Tree 1; female, Tree 6; 2 

females, Tree 7. 
Etymology.—The specific name is de- 

rived from the long series collected on 

Tree 8. 

12. Notaulacella zeteki Sabrosky, 

New SPECIES 

Diagnosis.— Thorax entirely black; front 

coxa and most of legs black; gena and broad 

parafrontal silvery microtomentose. 

Male, female. Head black except for gena 
yellow in ground color and orange basal third 

of 3rd antennal segment; basal antennal seg- 

ments coal black, in striking contrast to the 

partly orange 3rd segment; gena, linear 

parafacial, and broad parafrontal silvery 

microtomentose; palpus black. Thorax en- 

tirely black. Front coxa black; all femora 

and tibiae black except narrowly at knees; 

tarsi chiefly yellowish. 
Frons appearing longer than broad, and 

measuring slightly longer, but head slightly 

teneral and the proportions are undepend- 

able; ocellar tubercle large and microto- 

mentose; frontal triangle smooth and pol- 

ished, long, with apex at anterior margin of 

frons, length nearly 1.7 times breadth at base; 

gena relatively broad for the genus, nearly 

half breadth of 3rd antennal segment and 

0.14 times height of an eye. Scutum sub- 

shining, thinly microtomentose. Front fe- 

mur without spines. 

Holotype female, allotype male, Panama: 

Canal Zone, Barro Colorado Island, Nov. 

1941 (J. Zetek, No. 4920), “‘bred Calathea 

violacea’’ (Marantaceae, tropical herbs). 

Paratypes: 2 males, one female, same data 

as holotype; female, Tree 7. 

Also two females, poor condition and not 

included in the type series: one, same data 

as holotype, the other from the same island, 

June 1942 (J. Zetek, No. 4981), “Fomes sp.” 
(shelf fungus, Polyporaceae) [USNM]. 
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Etymology.—The specific name, in the 

genitive, honors the memory of the collec- 

tor, James Zetek, who spent many years of 

dedicated service in entomological work in 

Panama, and who recorded the only clues 

to the biology of Notaulacella (See N. zeteki 

and N. compta). 

13. Notaulacella lineigena 

Sabrosky, NEw SPECIES 

Diagnosis. — Thorax entirely black, front 

coxa and legs chiefly black; gena almost lin- 

ear. 
Male, female. Head black except narrow 

gena, which is yellow in ground color be- 
neath silvery microtomentum; 3rd antennal 

segment chiefly infuscated but reddish 

brown ventrally at base: palpus black. 

Frons subquadrate; ocellar tubercle mi- 

crotomentose; frontal triangle polished, but 

anteriorly finely roughened, not smooth, 

long, apex at or near anterior margin of frons; 

parafrontal broad, gray microtomentose in 

certain lights, possibly brighter in better 
specimens; gena very narrow, almost linear, 

¥; breadth of 3rd antennal segment and 0.09 

times height of an eye. Front femur without 

spines. 

Holotype female, Tree 13; allotype, 

Tree 8. 
Etymology.—The specific name is a noun, 

referring to the linear cheek. 
The species is close to N. zeteki but the 

broader gena and its brilliantly silvery mi- 

crotomentum of zeteki makes it easy to sep- 

arate the otherwise very similar species. The 

male is somewhat teneral. 

14. Notaulacella sagittata 

Sabrosky, NEw SPECIES 

Diagnosis.—Black species with yellow 

front coxa and large, sagittate, dull, densely 

microtomentose frontal triangle. 
Male. Head chiefly black, including oc- 

ciput, frontal triangle, frons except anterior 

fourth, linear facial ridge and ventral edge 

of gena, arista, and outer margin of 3rd an- 

tennal segment; cheek microtomentose, 
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parafrontal gray microtomentose; palpus 

yellow. Thorax entirely black. Front coxa 
yellow, all femora more or less browned, all 

tibiae with the usual two narrow bands, sub- 

basal and preapical. 

Frons appearing longer than broad; fron- 

tal triangle densely microtomentose, large, 
apex at 73-4 way to anterior margin of frons, 

measuring as long as broad at base but ap- 

pearing longer, the sides somewhat convex 

causing triangle to appear arrowhead- 

shaped; gena narrow, almost linear, 4 

breadth of 3rd antennal segment and 0.11 

times height of an eye. Scutum and scutel- 
lum densely brown-gray microtomentose. 

Front femur without spines. 

Holotype and one paratype, males, Tree 6. 

Etymology.—An adjective, derived from 

the Latin sagitta, an arrow. 

In the holotype, vein R2 + 3 is shorter 

than usual, ending in costa barely more than 

midway between apices of RI and R4 + 5, 

the length of 2nd and 3rd costal sections as 
28:25. Venation in the paratype as usual for 

the genus, with long 2nd section. 

15. Notaulacella broadheadae 

Sabrosky, NEw SpPEcIES 

Diagnosis.— Black species, with moder- 

ately long, polished black frontal triangle 

and narrow silverly microtomentose gena. 

Male, female. Head black on occiput, 

frontal triangle, posterior corners of frons, 
and median plate of clypeus, the frons chief- 

ly, and antenna except infuscate outer mar- 

gin of 3rd segment, orange yellow: face 

brownish; gena brilliant silvery microto- 
mentose, and the parafrontal and posterior 

part of frons likewise, viewed at certain an- 

gles; palpus yellow. Setae and arista black. 

Thorax entirely black. Legs with all femora 

black except narrowly yellow at knees; all 

tibiae yellow with two narrow black bands, 
one subbasal, one preapical; tarsi chiefly 

yellow. 

Frons slightly longer than broad (28:25); 

frontal triangle polished, relatively long, base 
of triangle not touching eyes, acute apex 
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nearly reaching anterior margin of frons, 
sides of triangle straight with narrow ridge 
along each side; ocellar tubercle dull gray 

microtomentose; gena narrow but not lin- 

ear, 2 breadth of 3rd antennal segment and 

4 (5:35) the height of an eye. 

Mesoscutum and scutellum subshining, 

thickly gray microtomentose; pleuron al- 

most entirely polished. Wing with RI un- 
usually long, as 1s cell rl (marginal cell), the 

3rd costal section only slightly longer than 

4th section. Front femur without spines. 

Holotype male and allotype, Tree 7. Oth- 

er paratypes, Panama: 2 females, same as 

holotype; male, Canal Zone, Barro Colo- 

rado I., July 1967 (W. W. Wirth, light trap); 

male, Chiriqui, Chiriqui Viejo River, El 

Volcan 5280 ft., 22 July 1966 (A. Broce, 
light trap) [All USNM]. 

Etymology.—The specific name, in the 

genitive case, honors the collector of this 

interesting material from the forest canopy. 

16. Notaulacella ligatura Sabrosky, 

NEw SPECIES 

Diagnosis.—Black species with almost 

linear, silvery microtomentose gena; frontal 

triangle polished but typically with a narrow 

band of brownish microtomentum on each 

side from ocellar tubercle to side of triangle. 
Male, female. Head black, with anterior 

half of frons and antenna except narrow an- 

terior margin of 3rd segment orange yellow; 

face brownish to yellow; gena silvery mi- 
crotomentose. Thorax chiefly black, scutum 

partly brownish on sides but probably darker 

in more mature specimens. Front coxa bright 

yellow; all femora predominantly yellow, 

middle and posterior femora with moder- 

ately broad median band; all tibiae yellow, 
each with two bands, a subbasal and a 

preapical; tarsi yellowish. 

Frons approximately as long as broad; 

frontal triangle relatively narrow, well sep- 

arated from eyes at base, acute apex at about 

¥4 way to anterior margin of frons, with sides 

straight, chiefly smooth and polished, with 
narrow band of microtomentum on each 
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side slanted anterolaterally from the micro- 
tomentose ocellar tubercle to side of trian- 
gle; gena very narrow, sublinear, '% breadth 

of 3rd antennal segment and 0.05 times eye 

height. 
Mesoscutum, scutellum, and upper por- 

tion of anepisternum subshining, thinly mi- 

crotomentose, remainder of thorax pol- 

ished. Front femur without spines. 

Holotype female, Tree 12. Allotype, Tree 

8. Paratypes, male, 2 females, Tree 8: fe- 

male, Tree 6; male, female, Tree 7. Also 

paratype female, Costa Rica: Higuito San 

Mateo (Pablo Schild) [USNM, published 

Duda 1933: 199 as N. fiebrigi (Duda)]. 
Etymology.—A noun in apposition, di- 

rectly from the Late Latin /igatura, meaning 

a band or ligature. 

17. Notaulacella tripunctata 

Sabrosky, NEw SPECIES 

Diagnosis.— Black, thinly microtomen- 
tose thorax and linear gena; frontal triangle 

large, partly thinly microtomentose, with 
three large polished areas on triangle. 

Male, female. Head with black occiput, 

frontal triangle, and posterior half to % of 
frons, the frons anteriorly and antenna ex- 

cept infuscate outer margin of 3rd segment 

orange yellow; face brownish yellow; gena 

silvery microtomentose but inconspicuous 

because sublinear. Thorax black except for 

yellow or yellowish scutellum. Legs almost 

entirely yellow. 

Frons slightly longer than broad; frontal 

triangle large, more than ¥4 length of frons, 

partly brownish microtomentose with three 
polished areas, one closely anterior to me- 

dian ocellus and one along each side of the 

microtomentose ocellar tubercle, the total 

appearance a rather shining black triangle; 
gena sublinear, less than 4 breadth of the 
small 3rd antennal segment and less than 

', the eye height. 

Dorsum of thorax and upper anepister- 

num chiefly microtomentose, subshining. 

Front femur without spines. 
Holotype male, Tree 15; allotype, Tree 7. 

Paratypes: female, Tree 7; female, Tree 3; 
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male, female, Tree 8; female, Canal Zone: 

Gamboa, Pipeline Road, July 1967 (W. W. 

Wirth, Malaise trap) [USNM]. 

Etymology. —An adjective, referring to the 
three polished spots on the frontal triangle. 

18. Notaulacella laterivittata 

Sabrosky, NEw SPECIES 

Black species with narrow (but not linear) 

silvery microtomentose gena and chiefly 

microtomentose and subshining frontal tri- 

angle. 

Male, female. Head black, including all 

setae, the frons anteriorly and antenna chief- 
ly orange yellow; face brownish; gena and 

parafacial, and in certain lights the para- 

frontal, silvery microtomentose. Thorax en- 

tirely black. Front coxa bright yellow, slight- 
ly brownish at base; all femora black or 

brown except narrowly at knees; all tibiae 

yellow with two narrow black bands, one 

subbasal, one preapical; tarsi yellowish. 

Frontal triangle broad, length and breadth 

about equal, and moderately long, acute, 

apex beyond midway of frons, dull gray mi- 

crotomentose except for narrow polished 

stripe on each side of, and slightly longer 

than, ocellar tubercle; gena narrow but not 

linear, 3 breadth of 3rd antennal segment 

and ' the eye height. 
Mesoscutum, scutellum, and upper part 

of anepisternum brownish gray microto- 

mentose; pleuron chiefly polished. Front fe- 

mur without spines. 

Holotype female, Tree 2; allotype, Tree 

3. Paratype: male, Tree 8. A female from 

Tree 8 is a variant but may belong to this 
species. Another female, Tree 4, is teneral 

and crumpled and is not included in the type 

series. 
Etymology.—The specific name, an ad- 

jective, refers to the lateral polished stripes 

on the frontal triangle, meaning literally 

‘side-striped.’ 
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CHYROMYIDAE (DIPTERA) FROM THE GALAPAGOS ISLANDS, 
ECUADOR: THREE NEW SPECIES OF APHANIOSOMA BECKER 

TERRY A. WHEELER! AND BRADLEY J. SINCLAIR? 

Department of Biology, Carleton University, Ottawa, Ontario, Canada K1S 5B6. 

Abstract. —Three new species of the genus Aphaniosoma Becker are described from the 

Galapagos Islands, Ecuador: Aphaniosoma arenicolum Wheeler, n. sp. from the islands 

of Espanola, Isabela, Rabida, Santa Cruz and Santa Fé; Aphaniosoma galamarillum Whee- 
ler, n. sp. from the islands of Isabela and Santa Cruz; and Aphaniosoma rabida Wheeler, 

n. sp. from the island of Rabida. These species are the first members of the family 

Chyromyidae described from the Neotropical Region. 

Aphaniosoma arenicolum appears to be closely related to a group of southern Nearctic 

species. Aphaniosoma galamarillum is the probable sister species to the Hawaiian species 

A. minutum Hardy. The affinities of 4. rabida are unknown based on present knowledge 

of the genus. Ancestors of the three species probably arrived in three separate colonization 

events via rafting by adults or larvae or as aerial plankton. The source area of these 

ancestors cannot be determined at present because there is no phylogenetic hypothesis 

about relationships between the species of the genus and because there has been little 

collecting on the west coast of Central and South America, the most likely source area. 

Male postabdominal structure in the genus Aphaniosoma 1s briefly discussed and some 

errors and omissions in previously published treatments of chyromyid terminalia are 

clarified. 

Key Words: 

phology 

The family Chyromyidae is a small (ap- 
proximately 50 described species), primar- 

ily Holarctic family of acalyptrate Diptera. 

Specimens of the family are collected infre- 

quently and little is known of their biology 

and immature stages (McAlpine 1987). 

Adults have been collected in bird’s nests, 

mammal runs, decaying wood, on vegeta- 

tion around pond and creek margins, in 

' Present Address: Department of Environmental 

Biology, University of Guelph, Guelph, Ontario, Can- 

ada NIG 2WI1. 

> Present Address: Entomology Section, Australian 

Museum, Box A-285, Sydney South, NSW 2000, Aus- 

tralia. 

Aphaniosoma, Chyromyidae, Neotropical, Galapagos, systematics, mor- 

caves, and on windows (Sods 1984, Mc- 

Alpine 1987). Most species of the genus 

Aphaniosoma Becker are found only in veg- 
etation on seashores and around alkaline or 

saline ponds (McAlpine 1987). 

Aphaniosoma is the largest genus of Chy- 
romyidae, with more than 30 described spe- 

cies in most zoogeographic realms. The only 

record of the genus in the Neotropical re- 

gion is a report of a single damaged speci- 

men from the Bahamas identified as Apha- 

niosoma sp. (Melander 1913). During an 

ongoing survey and analysis of the insect 

fauna of the Galapagos Islands, coordinated 

by S. B. Peck (Carleton University), three 

previously undescribed species of Aphanio- 
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soma were collected in the littoral zone on 

the islands of Espanola, Isabela, Rabida, 

Santa Cruz, and Santa Fé. These three spe- 

cies represent the first Neotropical records 

for the family Chyromyidae other than Me- 

lander’s questionable Caribbean record. 

MATERIALS AND METHODS 

Sources of material and specimen prep- 

aration.—The following museums (abbre- 

viations in parentheses) were sources of ma- 

terial examined in this study: California 

Academy of Sciences, San Francisco, CA, 
U.S.A. (CAS); Canadian National Collec- 

tion of Insects, Ottawa, Ontario, Canada 

(CNC); National Museum of Natural His- 

tory, Washington, D.C., U.S.A. (USNM). 

Specimens were collected into ethanol and 

subsequently critical-point dried. For gen- 
italic preparations, abdomens were de- 

tached from mounted specimens, macer- 

ated in warm 85% lactic acid, and immersed 
directly in glycerin for further dissection and 

examination. Dissected abdomens were 

transferred to fresh glycerin for storage in 

microvials. 

Morphological terminology.—Morpho- 
logical terms used in this paper follow 

McAlpine (1981) except for some structures 

of the male and female postabdomen. Re- 

cent studies on postabdominal structure 

throughout the Diptera (Cumming and Sin- 

clair 1990, Wood 1990, 1991) have iden- 

tified errors in the terms of McAlpine (1981) 

and have resulted in a revised system of 

terms that is consistent in its interpretation 

of homology throughout the Diptera. The 

following description summarizes the re- 
vised system of terms as it applies to the 

Chyromyidae (equivalent terms of Mc- 
Alpine in parentheses). The phallus (aede- 

agus) is comprised of a small basiphallus 

and a large distiphallus; movement of the 

phallus is mediated by the phallapodeme 

(aedeagal apodeme), a structure derived 

from the hypandrial complex and not ho- 

mologous to the aedeagal apodeme of the 

Nematocera and Lower Brachycera. The 
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phallapodeme is broadly connected to the 

hypandrium by a ventrally or anteroven- 

trally directed phallic guide (aedeagal guide); 
the phallic guide is reduced or absent in the 

species described in this paper. The gon- 

ostyli (parameres, postgonites of other au- 
thors) are articulated to the posterior mar- 

gin of the hypandrium and _ project 

posteroventrally lateral to the distiphallus. 

Each gonostylus is not articulated directly 

to the hypandrium but via an intermediate 
sclerite, the pregonite (gonopod). The pre- 

gonites are often secondarily fused with the 

hypandrium or absent, as 1s the case with 

the species described in this paper. The ba- 

cilliform sclerites (sternite 10) arise from 

sclerotization of the intersegmental mem- 

brane between the phallus and the proctiger 

and articulate anteriorly to the basiphallus 

and posteroventrally to the surstyli. 

Two deviations from McAlpine’s (1981) 

terms occur in descriptions of the female 

postabdomen. The dorsal and ventral scler- 

ites between the sclerites of segment 8 and 

the cerci are referred to as tergite 10 and 

sternite 10, respectively. Although Mc- 
Alpine (1981) accepted that a true epiproct 

and hypoproct (i.e. tergite and sternite of 

segment 11) are absent in the Schizophora, 

he retained those terms for the dorsal and 

ventral sclerites posterior to segment 8. Grif- 

fiths (1981) pointed out this discrepancy in 

McAlpine’s terminology and cited morpho- 

logical studies that show the sclerites are 

those of segment 10. 

Genus Aphaniosoma Becker 

Aphaniosoma Becker, 1903: 186. Type spe- 

cies: Aphaniosoma approximatum Beck- 

er (monotypy). 

Diagnosis. —Chyromyidae with all fron- 

to-orbital bristles reclinate, lost in some 

species. Occipital region of head concave. 

Proepisternal bristle usually present. Scu- 

tellum with four marginal bristles, without 

dorsal bristles or setulae. 
Biology and distribution.— Most species 
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of Aphaniosoma occur in arid, saline hab- 

itats; specimens are most frequently col- 

lected on marine shorelines and at the mar- 

gins of alkaline or saline inland waters 
(McAlpine 1987). 

Most described species of Aphaniosoma 

are Palearctic, with 26 species recorded from 

the region (Sods 1984, Ebejer 1993). There 

are three Nearctic species (McAlpine 1987), 

three Afrotropical species (Cogan 1980), one 

Oriental species (Steyskal 1977), and two 

species in the Australasian/Oceanian Re- 

gion (Pitkin 1989). Records of Aphanioso- 

ma from regions other than the Nearctic 

and Palearctic are only from islands, not 

from the continental landmass. The Afro- 

tropical records are from the Cape Verde 

and Canary Islands, St. Helena, and the Sey- 

chelles (Cogan 1980), the single Oriental 

species is known from Taiwan (Steyskal 

1977), and the Pacific species are known 

only from Hawaii (Pitkin 1989). 
Remarks.—As the generic diagnosis sug- 

gests, species of Aphaniosoma are recog- 
nized only on the basis of external charac- 

ters. There has been no comparative study 

of the postabdomen in the Chyromyidae 

and, consequently, there are no established 

postabdominal synapomorphies for the 

genera. Variability in external characters 

both within and between chyromyid genera 

and variability within genera in the male 

postabdomen suggests that the presently 

recognized genera, including Aphaniosoma, 

may not be monophyletic. Nevertheless, we 

retain Aphaniosoma as presently defined on 

external characters, pending a comprehen- 

sive phylogenetic treatment of the family. 

Key TO ADULTS OF THE GALAPAGOS 

SPECIES OF APHANIOSOMA 

1. Head mostly yellow, occiput and ocellar tu- 

bercle gray; fronto-orbital bristles absent, row 

of short fronto-orbital setulae present, slightly 

longer posteriorly; interfrontal setulae slightly 

reclinate. Scutum gray anteriorly, yellow on 

lateral and posterior margins. Abdominal ter- 

gites dark gray with yellow margins 

... A. arenicolum n. sp. 
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- Head entirely yellow; 2 or 3 pairs of fronto- 

orbital bristles present; interfrontal setulae 

proclinate. Scutum and abdomen yellow ..... 2 

Total length 1.1-1.4 mm (critical-point dned 

specimens). Three pairs of reclinate fronto-or- 

bital bristles present. Male hind basitarsus broad 

and flat, approximately twice as wide as second 

tarsomere and as long as rest of tarsomeres com- 

bined. Male surstylus with pectinate ventro- 

medial bristle (Fig. 8), male bacilliform sclerite 

bare (Fig. 8). Female sternite 10 uniformly spi- 

nulose (Fig. 9) .... A. galamarillum n. sp. 

- Total length 1.4-1.9 mm (critical-point dried 

specimens). Two pairs of reclinate fronto-or- 

bital bristles present. Male hind basitarsus not 

flattened, only slightly wider than second tar- 

somere, not as long as rest of tarsomeres com- 

bined. Male surstylus with short, stout ventro- 

medial bristle (Fig. 12), male bacilliform sclerite 

densely spinose (Fig. 12). Female sternite 10 

with dense patch of posteromedial setulae (Fig. 

KE) omnaten wncin Sentient ate riaae 4. rabida n. sp. 

i) 

Aphaniosoma arenicolum Wheeler, 

New SPECIES 

(Figs. 1-6) 

Description.—Total length 1.2-1.4 mm. 

Head pale yellow, occiput and ocellar tu- 

bercle gray. Frons with inner and outer ver- 

tical bristles black, all other setae on frons 

and vertex reduced to small yellow setulae, 
interfrontal setulae slightly reclinate, uni- 

formly distributed over frons, fronto-orbit- 

al row not distinguished from interfrontal 

setulae. Eye oval, long axis inclined antero- 

ventrally. Gena broad, curved ventrome- 

dially to margins of small oral cavity; gena 

uniformly covered with short yellow setu- 
lae, vibrissal angle with 3-4 yellow bristles, 

subequal in length; vibrissal angles round- 
ed, deflected anteromedially, almost meet- 
ing near ventral margin of face. Lunule with 

narrow, ventral point extended ventrally 

between antennae and meeting narrow me- 

dian carina of face, median carina extended 
ventrally to below antennae, lower margin 

of face concave, sunken between vibrissal 
angles. Antennae recessed in deep foveae 

delimited by lunule, facial carina and vi- 

brissal angles, pedicel and first flagellomere 

often not visible in lateral view; antenna 
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Figs. 1-6. Aphaniosoma arenicolum. |, posterior segments of male abdomen, ventral. 2, male terminalia, 

lateral. 3, male terminalia, posterior. 4, male terminalia, anterior. 5, female terminalia, ventral. 6, female 

spermathecae. Scale bars = 0.05 mm (except Fig. | = 0.1 mm). Abbreviations: bac scl—bacilliform sclerite; 

cerc—cercus; epand—epandrium; hypd—hypandrium; ph—phallus; phapod—phallapodeme; sen s—sensory 

setulae; spr—spiracle; st—sternite; sur—surstylus; tg—tergite. 
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mostly yellow, apical two-thirds of arista 

brown or black, almost bare. 

Scutum dull gray pruinose, postprono- 

tum, notopleuron, lateral, posterolateral, 

and posteromedial margins of scutum yel- 

low; scutal chaetotaxy: | long and | short 

postpronotal, 2 notopleurals, | presutural 

intra-alar, | postalar, | postsutural dorso- 

central, presutural acrostichal setulae in 8- 

10 rows, pale yellow. Scutellum yellow or 

pale brown, with 2 pairs of marginal bris- 

tles. Thoracic pleurites pale yellow, ventral 

half of katepisternum and meron pale 

brown; anepisternum posteriorly with 3-5 

pale setulae and | longer, pale bristle; kat- 

episternum with 2-3 pale dorsal bristles; 

proepisternal bristle absent. 

Legs pale yellow; mid-tibia with short, 

dark apicoventral bristle, otherwise legs with 

only short yellow setulae. 

Wing clear; costal margin with evenly 

spaced, stout, spinules from humeral vein 

to near apex of wing, spinules longer than 

diameter of costal vein; anal region and al- 

ula well-developed. Halter pale yellow. 

Abdominal tergites 1-5 in male brown 

with yellow margins, male tergite 6 either 

uniformly brown or yellow with 2 lateral 

brown spots, abdominal tergites 1-6 in fe- 

male brown with yellow margins, female 

tergite 7 yellow with 2 lateral brown spots. 

Abdominal sternites narrow, pale yellow. 

Male postabdomen.—Tergite 5 and ster- 

nite 5 large, symmetrical, fifth spiracles lo- 

cated at ventrolateral margin of tergite 5. 

Tergite 6 large, symmetrical, with dense, 

short, lateral bristles, sixth and seventh spi- 

racles present on both sides near ventrolat- 

eral margin of tergite 6 (Fig. 1); sternite 6 
absent, position of sternite marked by pair 

of sensory setulae posterior to sternite 5 (Fig. 

1). Tergites and sternites of segments 7 and 

8 absent. Epandrium pale, narrow, sparsely 

setose, with posteriorly directed postero- 

ventral projections (Fig. 2). Surstyli fused 

with epandrium, posteroventrally directed, 

narrow, longer than epandrium, densely se- 

tose on posterior and medial surfaces (Figs. 
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2, 3). Cerci bare, membranous, confluent 

medially. Bacilliform sclerites dark, densely 

setulose medially, expanded and rounded 

at point of articulation with phallic com- 

plex, narrowed distally, lateral region of ba- 

cilliform sclerite hyaline, setulose (Fig. 4). 
Hypandrium U-shaped in ventral view, 

fused with epandrium. Pregonites and gon- 

ostyli absent or fused with hypandrium. 

Phallapodeme long, rod-shaped: phallic 

guide articulated to phallapodeme and hy- 

pandrium near junction of phallapodeme 

with phallus. Phallus fused with phallapo- 

deme, rigid and sclerotized, projected pos- 

teroventrally between surstyli (Fig. 2). Ejac- 

ulatory apodeme not observed, minute or 

unpigmented. 

Female postabdomen.—Postabdomen 

short. Tergite 6 evenly sclerotized, sternite 
6 membranous, location marked only by 

small bristles. Tergite 7 desclerotized me- 
dially, bristles restricted to lateral regions, 

sternite 7 membranous, location marked 

only by small bristles (Fig. 5). Tergite 8 

membranous or absent, sternite 8 divided 

into two rounded, lateral plates, each with 

small bristles and setulae (Fig. 5). Tergite 

10 membranous or absent, sternite 10 

membranous, spinulose, broadly rounded 

(Fig. 5). Cerci small, with short bristles and 

setulae (Fig. 5). Two sclerotized, cup-shaped 

spermathecae present, spermathecal ducts 

long and coiled (Fig. 6). 

Holotype 6.—ECUADOR: Galapagos Is- 

lands: Isla Isabela: Puerto Villamil, 

6.111.1989, B. J. Sinclair, littoral zone, 
sweeping beach morning glories (CNC). 

Paratypes.—Same data as holotype (22¢, 

172, CNC); Isla Isabela: Puerto Villamil, 

7.111.1989, B. J. Sinclair, littoral zone, 

sweeping sand beach (14, 42, CNC); Puerto 

Villamil, 5.iii.1989, B. J. Sinclair, flamingo 

lagoon (24, 72, CNC); | km W Villamil, 1 
m, 2-15.iii.1989, Peck and Sinclair, flight 

intercept trap (FIT), littoral scrub on sand 

(146, 32, CNC); Isla Santa Fé: 5.iv.1989, B. 

J. Sinclair, sweeping vegetation and rocks 
surrounding seal beach (16, 12, CNC); Isla 
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Espanola: Bahia Gardner, Om, 27.iv.1991, 

J. M. Heraty, beach zone (1é, CNC); Isla 

Rabida: beach at NE side, Om, 10.vi.1991, 
J. M. Heraty (12, CNC); Isla Santa Cruz: 

Academy Bay, Charles Darwin Research 
Station, 25.1.1964, D. Q. Cavagnaro and R. 

O. Schuster, sweeping coastal plants (12, 
CAS). 

Other material examined.—Isla Espano- 

la, Bahia Manzanilla, 5—10.vi.1985, S. and 

J. Peck, littoral Cryptocarpus and Prosopis, 

FIT, Malaise (12, damaged, CNC alcohol 

collection). 

Etymology.—The specific name is de- 

rived from the Latin arena (sand) and -cola 

(inhabitant), referring to the habitat of this 

species. 

Biology.—Aphaniosoma arenicolum is 

apparently restricted to arid, saline habitats 

in the littoral zone. Many of the paratypes 

were swept from beach morning glories 

(Ipomoea pes-caprae, Convolvulaceae). 

Other paratypes were taken on vegetation 

and rocks on beaches, and at the margin of 

a saline lagoon inhabited by flamingos. 

Remarks.—Aphaniosoma arenicolum is 

externally similar to the southern Nearctic 

species A. aldrichi Wheeler. Both species lack 

distinct fronto-orbital bristles, have recli- 

nate interfrontal setulae, and have deep, 

sharply defined antennal foveae; these char- 

acter states may be synapomorphic for this 

group of species. The two species may be 

distinguished by the color pattern of the scu- 

tum. In 4. arenicolum the gray area on the 

scutum is continuous, whereas in 4. aldrichi 

the scutum has four separate gray stripes. 

Aphaniosoma galamarillum Wheeler, 

New SPECIES 

(Figs. 7-10) 

Description.—Total length |.1-1.4 mm. 

Head pale yellow. All setae on frons and 
vertex yellow, inner and outer vertical, out- 

er occipital, and ocellar bristles well-devel- 

oped, postocellar bristles short, convergent, 

3 pairs of reclinate fronto-orbital bristles, 

longer posteriorly, interfrontal setulae proc- 
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linate, uniformly distributed over frons. Eye 
oval, long axis inclined anteroventrally. 

Gena broad, curved ventromedially to mar- 

gins of small oral cavity; gena uniformly 

covered with short yellow setulae, vibrissal 

angles rounded, with 3 yellow bristles, the 

middle one shorter. Lunule with small ven- 

tral point extended ventrally between an- 

tennae; face concave, membranous, with 

very small median carina. Antennae re- 

cessed in depression delimited by lunule, 

orbital margins and vibrissal angles, but 

pedicel and first flagellomere clearly visible 
in lateral view; antenna mostly yellow, api- 

cal two-thirds of arista black, bare. 

Thorax entirely pale yellow. Scutal chae- 

totaxy: | long and | short postpronotal, 2 

notopleurals, | presutural intra-alar, | post- 

alar, | intra-postalar, 2 postsutural dorso- 

centrals, the anterior one much shorter, | 
prescutellar acrostichal bristle, presutural 

acrostichal setulae in 8 rows, pale yellow. 

Scutellum with 2 pairs of marginal bristles. 

Anepisternum posteriorly with 3-5 pale 

setulae and | long bristle; katepisternum 

with scattered setulae and | long bristle; 

proepisternal bristle absent. 

Legs pale yellow with short yellow setu- 

lae. Male hind tibia with 3 rows of longer, 

closely spaced setulae, | anterodorsal, | 

dorsal, 1 posterodorsal, setulae of antero- 

dorsal row longer than those of other two 

rows, those of dorsal row weaker and more 

widely spaced; male hind basitarsus broad 

and flattened dorsoventrally, approximate- 

ly twice as wide as second tarsomere and as 

long as remaining tarsal segments com- 

bined, basitarsus densely setulose dorsally, 
bare ventrally; female hindleg unmodified. 

Wing clear; costal margin with weak spi- 

nules from humeral vein to near apex of 

wing, spinules shorter than diameter of cos- 

tal vein at junction with R,; anal region and 

alula well-developed. Halter pale yellow. 

Abdominal tergites pale yellow, setose. 

Abdominal sternites narrow, pale yellow. 

Male postabdomen.—Tergite 5 and ster- 

nite 5 large, symmetrical, fifth spiracles lo- 
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cerc 

Figs. 7-10. 

terminalia, ventral. 10, female spermathecae. Scale bars = 0.05 mm. Abbreviations: bac scl—bacilliform sclerite; 

cerc—cercus; epand—epandrium; gonst—gonostylus; ph—phallus; st—sternite; sur—surstylus. 

cated at ventrolateral margin of tergite 5. 

Tergite 6 large, symmetrical, with dense, 
short, lateral bristles, sixth and seventh sp1- 

racles present on both sides near ventrolat- 

eral margin of tergite 6; sternite 6 absent, 

position of sternite marked by pair of sen- 

sory setulae posterior to sternite 5. Tergites 

and sternites of segments 7 and 8 absent. 
Epandrium pale, narrow, bare or setulose 

except for 3-4 long dorsal bristles (Fig. 7). 
Surstyli fused with epandrium; surstyli pos- 

teroventrally directed, shorter than epan- 
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Aphaniosoma galamarillum. 7, male terminalia, lateral. 8, male terminalia, posterior. 9, female 

drium, with long, strong, anterior bristle, 5— 
6 shorter posterior bristles and 1 pectinate 

ventromedial bristle (Figs. 7, 8). Cerci with 

bristles and setulae, pointed ventrally, con- 

fluent medially (Fig. 8). Bacilliform sclerites 
bare (Fig. 8). Hypandrium U-shaped in ven- 

tral view, fused with epandrium. Pregonites 
absent or fused with hypandrium. Gonosty- 
li large, quadrate, densely setulose poster- 

oventrally (Fig. 8). Phallapodeme long, rod- 

shaped, expanded and fan-shaped at base 

(Fig. 7); phallic guide absent. Phallus fused 



VOLUME 96, NUMBER 3 

with phallapodeme, rigid and sclerotized, 
projected posteroventrally between gonos- 

tyli (Fig. 7). Ejaculatory apodeme not ob- 

served, minute or unpigmented. 
Female postabdomen.—Postabdomen 

short. Tergites 6 and 7 evenly sclerotized, 
bristles uniformly distributed over surface, 
sternites 6 and 7 pale, narrow, each with 2 

short anterior, 2 long posterior bristles (Fig. 

9). Tergite 8 membranous or absent, ster- 

nite 8 divided into two rounded, lateral 
plates, each with small bristles and setulae 

(Fig. 9). Tergite 10 membranous or absent, 

sternite 10 membranous, spinulose, broadly 

rounded (Fig. 9). Cerci small, with small 

bristles and setulae laterally (Fig. 9). Two 

sclerotized, cup-shaped spermathecae pres- 

ent, spermathecal ducts long and coiled (Fig. 

10). 
Holotype ¢.—ECUADOR: Galapagos Is- 

lands: Isla Isabela: 111.1989, B. J. Sinclair 

(CNC). 
Paratypes.—Isla Isabela: 1 km W Villa- 

mil, | m, 2-15.111.1989, Peck and Sinclair, 
flight intercept trap (FIT), littoral scrub on 

sand (22, CNC); Puerto Villamil, 6.111.1989, 

B. J. Sinclair, sweeping beach morning glo- 

ries in littoral zone (12, CNC). 

Other material examined.—Isla Santa 

Cruz: Academy Bay, Charles Darwin Re- 

search Station, 10.v—3.vi.1985, S. and J. 
Peck, 30 m, arid zone, thornscrub malaise- 
FIT trap (12, damaged, CNC alcohol col- 

lection). 

Etymology. —The specific name is a com- 

bination of gal- (from Galapagos) and 

amarillum, from the Spanish amarilla (yel- 
low), referring to the type locality and the 

color of this species. 

Biology.—Like the previous species, 

Aphaniosoma galamarillum 1s primarily re- 

stricted to arid, saline habitats in the littoral 

zone, with one specimen taken in the ad- 

joining arid zone at an elevation of 30 m. 

One of the paratypes was swept from beach 

morning glories with many of the paratypes 

of A. arenicolum. 
Remarks.—Aphaniosoma_ galamarillum 
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is indistinguishable from the Hawaiian spe- 

cies 4. minutum Hardy (see Hardy and Del- 

finado 1980) except on the basis of postab- 

dominal characters. Both species have a 

similarly modified male hind tibia and ba- 
sitarsus, suggesting that the two are sister 

species. Males of 4. galamarillum may be 
distinguished from those of 4. minutum by 

the short, relatively broad surstyli and the 

pectinate medial surstylar bristle. 

Aphaniosoma rabida Wheeler, 

NEw SPECIES 

(Figs. 11-14) 

Description.—Total length 1.4-1.9 mm. 

Head pale yellow. All setae on frons and 

vertex yellow, inner and outer vertical and 

ocellar bristles well-developed, postocellar 

bristles short, divergent, 2 pairs of reclinate 

fronto-orbital bristles, interfrontal setulae 

proclinate, uniformly distributed over frons. 

Eye oval, long axis inclined anteroventrally. 

Gena broad, curved ventromedially to mar- 

gins of small oral cavity; gena uniformly 

covered with short yellow setulae, vibrissal 

angles rounded, with 3 yellow bristles sub- 
equal in length. Lunule with small ventral 

point extended ventrally between antennae; 
face concave, membranous, with very small 

median carina. Antennae recessed in de- 

pression delimited by lunule, orbital mar- 
gins and vibrissal angles, but pedicel and 

first flagellomere clearly visible in lateral 

view; antenna mostly yellow, apical two- 

thirds of arista black, bare. 
Thorax entirely pale yellow. Scutal chae- 

totaxy: | long and | short postpronotal, 2 

notopleurals, | presutural intra-alar, 2 post- 

alar, | intra-postalar, 2 postsutural dorso- 

centrals, the anterior one much shorter, | 

prescutellar acrostichal bristle, presutural 

acrostichal setulae in 8 rows, pale yellow. 
Scutellum with 2 pairs of marginal bristles. 

Anepisternum posteriorly with 3-5 pale 

setulae and | long bristle; katepisternum 

with scattered setulae and | long bristle; 

proepisternal bristle absent. 

Legs pale yellow with short yellow setu- 
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Figs. 11-14. Aphaniosoma rabida. 11, male terminalia, lateral. 12, male terminalia, posterior. 13, female 

terminalia, ventral. 14, female spermathecae. Scale bars = 0.05 mm. Abbreviations: bac scl—bacilliform sclerite; 

cerc—cercus; epand—epandrium; gonst—gonostylus; ph—phallus; st—sternite; sur—surstylus. 

lae; mid-tibia with strong, yellow apicoven- 

tral bristle. 
Wing clear; costal margin with weak spi- 

nules from humeral vein to near apex of 

wing, spinules shorter than diameter of cos- 

tal vein at junction with R,; anal region and 

alula well-developed. Halter pale yellow. 

Abdominal tergites pale yellow, setose, 

occasionally with pale brown anterior spots. 

Abdominal sternites narrow, pale yellow. 

Male postabdomen.—Tergite 5 and ster- 

nite 5 large, symmetrical, fifth spiracles lo- 

cated at ventrolateral margin of tergite 5. 
Tergite 6 large, symmetrical, with dense, 

short, lateral bristles, sixth and seventh spi- 

racles present on both sides near ventrolat- 

eral margin of tergite 6; sternite 6 absent, 
position of sternite marked by pair of sen- 

sory setulae posterior to sternite 5. Tergites 

and sternites of segments 7 and 8 absent. 

Epandrium pale, narrow, with setulose pos- 

teromedial lobe and 3 long bristles dorsal 
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to surstylus (Figs. 11, 12). Surstyli partially 

fused with epandrium, ventrally directed, 

shorter than epandrium, with 4 long lateral 

bristles and | short, stout ventromedial 

bristle (Figs. 11, 12). Cerci membranous, 
setulose, with several long bristles (Figs. 11, 
12). Bacilliform sclerites expanded poste- 

riorly into a pair of dark, rounded, densely 

spinose lobes (Fig. 12). Hypandrium 

U-shaped in ventral view, fused with epan- 

drium. Pregonites absent or fused with hy- 

pandrium. Gonostyli large, quadrate, 
sparsely setulose ventrally (Fig. 11). Phal- 

lapodeme long, rod-shaped (Fig. | 1); phallic 

guide absent. Phallus fused with phallapo- 

deme, rigid and sclerotized, with membra- 

nous dorsal region, projected posteroven- 

trally (Fig. 11). Ejyaculatory apodeme not 

observed, minute or unpigmented. 
Female postabdomen.—Postabdomen 

short. Tergites 6 and 7 evenly sclerotized, 

bristles uniformly distributed over surface, 
sternites 6 and 7 membranous, location 
marked only by small bristles (Fig. 13). Ter- 

gite 8 membranous or absent, sternite 8 di- 

vided into two rounded, lateral plates, each 

with small bristles and setulae (Fig. 13). Ter- 

gite 10 membranous or absent, sternite 10 
membranous, posteriorly setulose, broadly 

rounded (Fig. 13). Cerci small, with small 

bristles and setulae laterally (Fig. 13). Two 

sclerotized, cup-shaped spermathecae pres- 

ent, spermathecal ducts long and coiled (Fig. 

14). 

Holotype ¢.—ECUADOR: Galapagos Is- 

lands: Isla Rabida: beach on NE side, 
10.vi.1991, J. M. Heraty (CNC). 
Paratypes.—Same data as holotype (84, 

72ENG). 
Etymology.—The specific name is a noun 

in apposition referring to the type locality 

of this species. 

Biology.—There is no detailed biological 
information associated with the type spec- 

imens. Like the other species of Aphanio- 

soma from the Galapagos, they were taken 

in the littoral zone just above sea level. 

Remarks.—There are no clear synapo- 
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morphies linking 4. rabida to any other de- 
scribed species. It superficially resembles the 

Hawaiian species 4. macalpinei Hardy, but 

the male postabdomen is distinctly differ- 

ent. The placement and affinities of A. ra- 

bida remain unknown pending a complete 
revision of Aphaniosoma. 

DISCUSSION 

Male postabdominal structure in Apha- 

niosoma: Griffiths (1972) provided the first 

detailed treatment of the male postabdo- 

men of the Chyromyidae, although his anal- 

ysis was based on examination of only two 

species, Chyromya flava (L.) and Aphanio- 

soma occulicauda Collin, and only C. flava 

was illustrated. McAlpine (1987) also dis- 

cussed the male postabdomen of the Chy- 

romyidae but again only C. flava was illus- 

trated. Because both authors based their 
analyses on very few species they underes- 

timated the structural diversity in the family 
and misinterpreted certain structures, es- 

pecially in Aphaniosoma. Many of the char- 

acters used by Griffiths (1972) and Mc- 

Alpine (1987) in their diagnoses of the family 

are characters which, although apparently 

present in the groundplan of the Chyro- 
myidae, are lost in some or all lineages of 

Aphaniosoma. These characters include an 

expanded distiphallus with complex sclero- 

tization (Griffiths 1972, McAlpine 1987), a 

phallus capable of being swung through a 

wide arc to an anteriorly directed rest po- 

sition (Griffiths 1972), and an extensive 

connection between the phallapodeme and 

hypandrium via a well-developed phallic 

guide (Griffiths 1972, McAlpine 1987) (Grif- 

fiths attributed the well-developed phallic 

guide to the groundplan of Chyromyidae 

and did not comment on its distribution 
within the family). 

Griffiths (1972) did not establish the po- 

sition of the abdominal spiracles in Apha- 

niosoma due to the small size of the spec- 

imens. Specimens cleared in lactic acid in 

this study confirm that the distribution of 

spiracles in Aphaniosoma is the same as in 
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Chyromya. The sixth and seventh pairs are 

present on both sides and located near the 

ventrolateral margin of tergite 6. 
Although Griffiths (1972) stated that ter- 

gite 6 in Aphaniosoma is divided into two 

lateral pieces, the tergite is undivided in the 

species examined in this study. Sternite 6, 

tergite and sternite 7 and tergite 8 are ab- 

sent. Sternite 8 is membranous in the spe- 

cies examined in this study. Griffiths (1972) 

interpreted all these sclerites as absent in 

Aphaniosoma; McAlpine (1987) stated that 

syntergosternite 7+8 is fused dorsally with 

the epandrium but did not indicate exactly 

which components he believed to comprise 

the syntergosternite. 

Griffiths (1972) considered the lateral 

fragments of tergite 6 the last dorsal sclerites 

of the abdomen in 4phaniosoma, with the 

epandrium (his ‘periandrium’) and cerci re- 

duced and membranous. Although the dis- 

tribution of this state should be confirmed 

throughout the genus, it does not apply to 

the species examined in this study. Evi- 
dence refuting Griffiths’ statement includes 
the articulation of the hypandrium and sur- 

styli with the last dorsal sclerite and the 

location of the bacilliform sclerites beneath 

it. All of these landmarks identify the last 

dorsal abdominal sclerite as the true epan- 

drium. Also, the cerci are clearly evident 

posterior to the epandrium and flanking the 

anus. 
The status of the gonostyli and pregonites 

is problematic and requires clarification 

throughout the genus. Both Griffiths (1972) 

and McAlpine (1987) characterized the 

Chyromyidae as having well-developed 

gonostyli (postgonites, parameres). Mc- 

Alpine described the pregonites (his “gon- 

opods’) as present with strong bristles; Grif- 

fiths did not mention pregonites. There is a 
pair of large, broad, sclerotized gonostyli in 

A. galamarillum and A. rabida, articulated 
to the posteromedial region of the hypan- 
drium, projected ventrally, and flanking the 

phallus. The articulation point and position 
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confirm the identity of these structures. The 

pregonites in these species are absent or fused 
with the hypandrium or gonostyli. 

Both the pregonites and gonostyli are 
fused with the hypandrium or absent in 4. 

arenicolum. There is a pair of dark, scler- 

otized structures that articulate anterodor- 

sally with the junction of the phallus and 
phallapodeme, and project posteroventrally 

alongside the distiphallus to an articulation 
with the inner wall of the surstyli (Fig. 4, 

bac scl). These structures are densely setu- 

lose ventromedially. They continue later- 

ally as a hyaline, setulose region that also 

originates near the base of the phallus and 

projects posteroventrally toward the inner 

wall of the surstyli. The hyaline region ap- 
pears to be connected to a second pair of 

narrow hyaline arms that project posteriorly 

toward the cerci. Based on the articulation 

points of these structures we conclude that 

the entire structure is the bacilliform scler- 

ite. Although the structures bear a superfi- 

cial resemblance to the gonostyli in other 

Chyromyidae, the articulation of this struc- 

ture with the base of the phallus and the 

inner wall of the surstyli provides strong 
support for our interpretation. Gonostyli, in 

contrast, articulate with the hypandrium, 
usually via the pregonites, near the point of 

articulation between the hypandrium and 
the phallic complex, and project ventrally 

or posteroventrally lateral to the distiphal- 

lus. Our interpretation, although supported 

by the morphological evidence at hand, 
should be considered provisional until a 

broader analysis of postabdominal structure 

in the Chyromyidae is undertaken. 

Relationships and origin of the Galapagos 
Chyromyidae: Most insect species record- 

ed from the Galapagos Islands appear to be 

derived from colonizing ancestors that orig- 
inated in Mexico, Central America and 

western South America (Peck 1991). The 

paths of ocean currents and prevailing winds 

are Suitable for carrying organisms from the 

Americas to the islands for much of the year 
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(Peck and Kukalova-Peck 1990). The west- 

ern Pacific is the source for a very small 
component of the fauna (Peck 1991). 

Peck and Kukalova-Peck (1990) analyzed 

the Coleoptera fauna of the archipelago and 

concluded that the present Galapagos beetle 

fauna (335 species) arrived in the islands by 

at least 257 separate colonization events. Of 

the 313 species of beetles not introduced by 
humans, 60%, primarily those in the litto- 

ral, arid, and transition zones, arrived via 

rafting on vegetation or other flotsam. Most 

of the rest of the fauna (39%) arrived by 

active flight or as aerial plankton carried by 

prevailing winds (Peck and Kukalova-Peck 

1990). 
Diptera species adapted to life in the lit- 

toral zone would be expected to have a high 

salt tolerance and to survive periodic in- 

undation by seawater. As such, these species 

could be expected to have a higher survival 

capability in rafting events than species 
adapted to more inland habitats. In addi- 

tion, the tendency of littoral Diptera to ag- 

gregate on vegetation may make them more 

susceptible to being transported on rafts of 

vegetation. Preliminary analysis of the Ga- 

lapagos Diptera fauna indicates a high spe- 

cies diversity in the littoral zone. At least 

32 species of flies are restricted to the littoral 

zone, significantly more than are restricted 

to other inland zones (Sinclair, unpublished 

data). This species diversity may be due in 

part to higher survival of halophilic Diptera 

in transit to the islands. 

The extremely small size of individuals 

of Aphaniosoma makes them good candi- 

dates for long-distance dispersal in aerial 

plankton. The occurrence of Aphaniosoma 
on many isolated oceanic islands may be 

the result of a preadaptation to both rafting 

and aerial dispersal. 

The presence of two chyromyid species 

with apparent sister species in other regions 

and a third species (4. rabida) apparently 

unrelated to the other two, suggests three 

separate colonizations of the Galapagos. 
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There is morphological evidence that 

Aphaniosoma arenicolum belongs to a 
monophyletic group which also includes 4. 

aldrichi from Texas and two undescribed 

species from southern California. Putative 

synapomorphic characters supporting this 

clade include the dense reclinate interfron- 

tal setulae, the loss of fronto-orbital bristles, 
and deep, well-defined, antennal foveae. It 

appears, therefore, that the affinities of 4. 

arenicolum lie in the southern Nearctic Re- 

gion. 

One of the few groups of Galapagos Dip- 

tera for which phylogenetic relationships are 

well resolved is the family Ceratopogoni- 

dae. Five of the six widespread species of 

Ceratopogonidae on the Galapagos also oc- 

cur in the Nearctic Region and two of the 

species are known only from the Nearctic 

and Galapagos (Borkent 1991). Borkent 

(1991) suggested that these disjunctions may 

be the result of inadequate sampling in Cen- 

tral and South America. If the two cerato- 

pogonid species do occur in those regions, 

then it is likely that the species on the Ga- 

lapagos dispersed to the islands naturally 
via rafting or as aerial plankton. If the dis- 

junction proves to be a real one, it 1s likely 

that the species were carried from the Ne- 

arctic to the Galapagos by human activity 

(Borkent 1991). Four species of Ceratopo- 

gonidae endemic to the Galapagos have pu- 

tative sister species on the Neotropical 

mainland. This implies four separate colo- 

nization events from the Americas followed 

by allopatric speciation on the Galapagos 

(Borkent 1991). 

Aphaniosoma galamarillum is the appar- 

ent sister species to the Hawaiian species 4. 

minutum, based on the modified male hind- 

leg. The sister group to this species pair is 

unknown. While a Neotropical origin would 

be most likely for A. galamarillum, based 

on evidence from other Galapagos insects, 

this is not the case for A. minutum. Most 
of the Hawaiian insect fauna has Asian af- 

finities; only 5% of the Hawaiian insects ap- 
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pear to be derived from an American source 

(Peck and Kukalova-Peck 1990). Until the 

sister group of these two species is known 

nothing can be concluded about the source 

area or movements of the group. 

It is difficult to speculate on the overall 

distribution patterns of Aphaniosoma be- 

yond the discussion above because many 

species remain undescribed, and because 

there is no hypothesis on the relationships 

between the species, or even on the mono- 

phyly of the genus. Because most Galapagos 
insects whose affinities and source areas are 

known originated on the Pacific coast of 

Central and South America, it is probable 

that the Galapagos Aphaniosoma also orig- 

inated there. Although members of the fam- 

ily Chyromyidae are rarely collected in large 

numbers, efforts to collect in arid littoral 

zone areas on the Pacific coast may yield 

additional specimens of Aphaniosoma which 

are conspecific or closely related to the Ga- 

lapagos fauna. 
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Abstract.—The shore-fly genus Clasiopella Hendel is revised. Clasiopella, now placed 

in the tribe Discomyzini (subfamily Discomyzinae), had been monotypic, with C. uwncinata 

Hendel as its only included species. Herein, C. austra is described (Australia. NSW: Careel 

Bay, Avalon (mangrove)), and the placement of Clasiopella in the classification of Ephyd- 
ridae is briefly discussed. 

Key Words: 

The classifications of most major groups 
of organisms commonly include monotypic 
genera. The Ephydridae, or shore flies, are 

no exception, with 20 of 115 genera each 

represented by a single species (the number 

may vary depending on the author). Cer- 

tainly some species are strikingly different, 
with a marked discontinuity between them 

and other species. Too frequently, however, 

this discontinuity, sometimes referred to as 

“gap” (Michener 1970), has been the pri- 

mary or only basis for establishing mono- 

typic genera for these species. From the 

standpoint of a phylogenetic classification, 
however, the issue is not simply a matter of 

being different, a phenetic approach. Equal, 

if not more important, are the phylogenetic 

relationships the so-called genus has with 

other taxa, even if that information is known 

on only a rudimentary level. If recognition 

of a species as a monotypic genus makes 

another genus-level group paraphyletic, the 

former should not be recognized. 

The monotypic status of a genus also 

changes with discovery of additional spe- 

cies, although this process alone does not 

resolve the issue of their phylogenetic re- 

lationships. The description of a new spe- 

Diptera, Ephydridae, shore flies, Clasiopella, phylogeny 

cies in a hitherto monotypic genus, coupled 
with presentation of rudimentary infor- 

mation on the phylogenetic relationships, 
are the primary purposes of this paper, which 

concerns the shore-fly genus Clasiopella 

Hendel. Until now, the only included spe- 

cles was its type species, C. uncinata Hendel 

(1914). Earlier, however, other species had 

been described in, or transferred to, Clasi- 
opella that have since been shifted to other 

genera. Cresson (1925) transferred Ephy- 

grobia nervimaculata Becker (1910) to Cla- 

siopella because of its similarity with Psi- 

lopa dimidiata Cresson (= P. girschneri von 

Réder (1889)), a species that he also placed 

in Clasiopella (Cresson 1925) but which is 

now in the genus Psi/opa Fallén (Wirth 1965, 
1968). In the Afrotropical catalog of Dip- 

tera, however, Cogan (1980) continued to 

list E. nervimaculata under Clasiopella. In 

a forthcoming world catalog of shore flies 

(Mathis and Zatwarnicki, in preparation), 
the latter species will be listed under Psi- 

lopa, following the precedent of Becker 

(1926). Cresson (1939) described Clasi- 

opella metatarsata from specimens collect- 

ed in Panama. Later, he (1941) transferred 

that species to Mimapsilopa Cresson as its 
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type species, then to Psilopa (1944), and 

finally to Helaeomyia Cresson (1946a) with 
synonymy of Mimapsilopa under the latter 

genus. Lizarralde de Grosso (1982) resur- 

rected Mimapsilopa as a valid genus with 

C. metatarsata as its type species. Lastly, 
Frey (1958) named Clasiopella afra from 

specimens collected on the Cape Verde Is- 

lands. Tsacas (1980) subsequently trans- 

ferred this species to the genus Drosophila 

Fallen (Drosophilidae). Thus, until now 

Clasiopella has been monotypic. In addi- 

tion to the new species that is described 

herein, the placement of the genus within 

the classification of the Ephydridae will be 

briefly discussed. 

Methods.—The descriptive terminology, 

with the exceptions noted in Mathis (1986), 

follows McAlpine (1981). Descriptions are 

composite, not based solely on primary 

types. Two venational ratios are used com- 

monly in the descriptions and are defined 

here (all ratios are averages of three speci- 

mens): 

1. Costal Vein Ratio: the straight line dis- 

tance between the apices of R,,,; and 

R,,;/distance between the apices of R, 

and R,,;. 

. M Vein Ratio: the straight line distance 

along M between crossvein dm-cu and 

r-m/distance apicad of crossvein dm-cu. 

bo 

Although most specimens for this study 

are in the National Museum of Natural His- 

tory (USNM), the type series of the new 

species is from the Australian Museum 

(AM), Sydney, Australia (Dr. David K. 

McAlpine) and Australian National Insect 

Collection (ANIC), Canberra, Australia (Dr. 

Peter S. Cranston). Additional specimens 

were borrowed and studied from the Acad- 

emy of Natural Sciences of Philadelphia 

(ANSP), Pennsylvania (Dr. Jon K. Gelhaus 

and Mr. Don Azuma); Hungarian Natural 

History Museum (HNHM), Budapest, 

Hungary (Dr. L. Papp): Zoological Institute 

(ZIL), Lund University, Lund, Sweden (Dr. 

Roy Danielsson); and Deutsches Entomo- 
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logisches Institut (DEI), Eberswalde, Ger- 

many (Dr. Joachim Ziegler). 

SYSTEMATICS 

A few preliminary remarks are in order 

to give perspective to this study, including 

comments on the placement of Clasiopella 

within the classification of the Ephydridae. 

This genus was recently placed in the tribe 

Discomyzini, subfamily Discomyzinae (Za- 

twarnicki 1992). Zatwarnicki characterized 

Discomyzini by the presence of dorsal setu- 

lae, usually three or four, on vein Rj, , basad 

of crossvein r-m. I first suggested this char- 

acter (Mathis 1985) as asynapomorphy that 

grouped Actocetor Becker, Trypetomima de 

Meijere, and Eremomusca Mathis. This 

character is now known to characterize gen- 

era of the tribe Discomyzini (Zatwarnicki 

1992, who interprets the absence of these 

setulae in Guttipsilopa Wirth and Rhyso- 

phora Cresson, two genera that are included 

in Discomyzini, to be a secondary loss). 

Within Discomyzini, Clasiopella is appar- 

ently related to Actocetor and Trypetomima, 

especially the latter. These three genera are 

characterized by the following synapomor- 

phies: (1) pseudopostocellar setae well de- 

veloped (setae sometimes inserted within 

the ocellar triangle but usually behind) and 

with a divergent and slightly reclinate ori- 

entation; (2) fore femur with 2-4 long, 

widely spaced, posteriorly directed setae 

along the posteroventral margin and 2 

smaller, apically curved setae that are in- 

serted just before the apex; (3) alula re- 

duced, very narrowly developed as a linear 

band; (4) posterior margin of male fifth ter- 

gite and sometimes the fourth tergite and 
the dorsal margin of epandrium bearing 

several, conspicuously longer setae. 

Zatwarnicki (personal communication) is 

now studying the phylogenetic relationships 

among the lineages that comprise Disco- 

myzini and Psilopini, and here, I only list 

and annotate the characters that I have used 

to distinguish Clasiopella from Actocetor and 
Trypetomima. Clasiopella differs from the 
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latter two genera by the (1) lack of a well- 

developed supra-alar seta (This seta is pres- 

ent and well developed in Actocetor, but is 

lacking in Trypetomima. The absence is ap- 

parently a secondary loss in Clasiopella and 
Trypetomima and is a synapomorphy for 

these two genera.); (2) wing uniformly and 

lightly infuscate, mostly hyaline (The wing 

is variously patterned in Actocetor and Try- 

petomima.); (3) posterior margin of anepi- 

sternum bearing two larger setae, with the 

ventral seta conspicuously longer, more than 

twice the length of the dorsal seta (The ven- 

tral seta in Actocetor and Trypetomima is 

slightly less than twice the length of dorsal 

seta.); (4) vein R,,,; comparatively short, 

with a costal vein ratio of 0.80 to 0.90 (This 

vein is longer in Actocetor, and in Trype- 

tomima, where the vein is also short, there 

is a stump vein, which is apparently a syn- 

apomorphy for the latter.); (5) scutellum as 
long or longer than wide, bearing few setulae 

on disc (In Actocetor and Trypetomima, the 

scutellum is wider than long, and the disc, 
in Actocetor, bears numerous setulae.): 

(6) facial setae 2, dorsal pair cruciate, in- 

serted below midheight of face near the nar- 

rowest point of the face and parafacials 

(There are 4—5 large facial setae in Actocetor, 
with the dorsalmost seta being inserted 

above the midheight level. Trypetomima, 

like Clasiopella, has two facial setae). 

Genus Clasiopella Hendel 

Clasiopella Hendel, 1914: 109. Type spe- 

cies: Clasiopella uncinata Hendel, 1914, 
original designation.— Cresson, 1945: 68 

[review of Indoaustralian area], 75 [key]; 
1946a: 152 [review, a suspected intro- 

duction to the New World]; 1946b: 256 
[review, probable introduction to Africa 

(Kenya)].—Wirth, 1965: 742 [Nearctic 

catalog]; 1968: 11 [Neotropical cata- 
log]. —Cogan and Wirth, 1977: 329 [Ori- 

ental catalog].—Cogan, 1980: 659 [Af- 

rotropical catalog].— Tenorio, 1980: 284— 

286 [revision].— Mathis, 1989: 643 [Aus- 

tralasian/Oceanian catalog]. 
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Diagnosis.—Small to moderately small 

shore flies, length 1.40 to 2.40 mm; micro- 

tomentum generally sparse or absent, ap- 

pearing subshiny to shiny; species mostly 
black; setation well developed. 

Head: Normally developed, not trian- 

gular or with bulging eyes; antenna in profile 

inserted at dorsal 3; frons conspicuously 

wider than long; intrafrontal setae absent: 

fronto-orbital setae 2, both well developed, 

reclinate seta longer, inserted mediad and 

slightly in front of outer, proclinate seta: 
ocellar setae well developed, inserted be- 

hind level of anterior ocellus, orientation 

usually parallel, sometimes convergent, 

rarely cruciate; pseudopostocellar setae well 

developed, length about '2 that of ocellar 
setae, orientation divergent at usually less 

than 90°; both inner and outer vertical setae 

present, well developed, outer seta about 7 

length of inner seta; posterior margin of ver- 

tex angulate, not rounded; posterior ocelli 

situated immediately before vertex. Anten- 

na with flagellomere | longer than pedicel; 

scape not exerted, bearing a well-developed 

seta at dorsoapical corner; arista pectinate, 

bearing 8-10 dorsal rays. Eye irregularly el- 

liptical, higher than wide, with few, incon- 
spicuous interfacetal setulae, appearing bare. 

Face mostly smooth, without pits or rugos- 

ity, color of microtomentum variable, with 

median, shallow hump near midheight and 

slightly dorsad; 2 strong facial setae, ori- 

entation inclinate, dorsal seta cruciate, in- 

serted just below midfacial height; probos- 

cis normally developed, not elongate. 

Thorax: Generally black to deep bluish 

black, microtomentum mostly thin to most- 

ly lacking; postprontum with white micro- 

tomentum; scutellum relatively long, width 

only slightly greater than length. Chaetotaxy 

as follows: mesonotal setulae in regular rows, 

rows ended near level of prescutellar acros- 

tichal seta; prescutellar acrostichal seta well 

developed, inserted far anteriad, slightly an- 
teriad of level of single, large, dorsocentral 

seta, distance between dorsocentral setae 

more than that between apical scutellar se- 
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tae; presutural seta |, well developed; supra- 

alar seta absent; postalar seta 1, slightly 
shorter than presutural seta; scutellar disc 

sparsely setulose; basal scutellar seta over '/2 

length of apical seta; notopleuron lacking 

setulae; anterior and posterior notopleural 
setae equidistant from notopleural suture; 

anepisternum with 2 large setae at posterior 

margin, ventral seta about 3 x length of dor- 

sal seta; katepisternum with 2 large setae, 
anterior seta smaller. Halter white to yel- 

lowish. Wing mostly hyaline but lightly in- 

fuscate, appearing smokey, largely unicolor- 
ous (wings of some specimens faintly darker 

toward anterior margin), apical portion of 

wing narrowly rounded, with wing length- 

to-width ratio averaging 0.4 (length mea- 
sured from base of cell bm to apex); vein 

R,,, extended normally to costal margin, 

well separated from costa, lacking a stump 

vein, relatively short, making 3rd section 

(between veins R,,, and R,,;) long com- 

pared to 2nd section (between veins R, and 

R,,;); R stem vein bearing 2—4 setulae dor- 

sally; crossvein dm-cu straight. Legs with 

fore basitarsus slender, concolorous with re- 

maining tarsomeres; fore femur with row of 

2-4 long setae along posteroventral margin, 

longest seta (most apical) much longer than 

width of fore femur, also bearing 2 smaller, 
apically curved setae along posteroventral 

surface near apex. 

Abdomen: Mostly shiny, blackish, mi- 
crotomentum generally sparse; 5th tergite 

of male shinier than preceding tergites, al- 
most devoid of microtomentum, anterior 

margin with broad, shallow emargination 

dorsomedially, bearing longer setae along 

posterior margin; Sth sternite divided into 
2 narrow, elliptical sternites at anterior mar- 

gin of hypandrium, bearing setae laterally. 

Male genitalia symmetrical; epandrium fre- 

quently flexed upward and outward, expos- 

ing ventral margin and surstyli; epandrium 

enlarged, especially a well-sclerotized area 

dorsad of cercal cavity, bearing several well- 

developed setae along dorsal margin; dorsal 

margin of epandrium in posterior view nar- 
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rowly rounded, anteroventral margin drawn 

out into a narrow process that curves slight- 

ly medially; surstylus bifurcate externally 
with a dorsal and ventral process, both ori- 

ented medially; aedeagus with apex curved 

forward at about 90°; hypandrium broadly 

bowl shaped, less sclerotized than epan- 

drium, basal portion near attachment with 

remainder of genital complex narrower than 

overall width. 

KEY TO SPECIES OF 

CLASIOPELLA HENDEL 

1. Face, especially toward ventral margin, more 

whitish gray microtomentose than frons; legs 

yellow, except apical 1-2 tarsomeres ; 

: a C. uncinata Hendel 

— Face and frons uniformly with gray to brown- 

ish gray microtomentum; legs blackish brown, 

except basal tarsomeres yellow (Australia) 

_C. austra, new species 

Clasiopella uncinata Hendel 

Figs. 1-20 

Clasiopella uncinata Hendel, 1914: 110.— 

Cresson, 1945: 68 [review, distribution 

data for Indoaustralian area]; 1946a: 152 
{review, probable introduction to Carib- 

bean and Florida]; 1946b: 256 [review, 

distribution data from Kenya, probable 

introduction], 263 [key].—Hardy, 1952: 

466 [list].—Adachi, 1952: 353 [list].— 
Wirth, 1965: 742 [Nearctic catalog]: 1968: 
11 [Neotropical catalog]; Cogan and 

Wirth, 1977: 329 [Oriental catalog].— 

Cogan, 1980: 659 [Afrotropical cata- 

log].—Tenorio, 1980: 285-286 [revision, 
figures of ¢ terminalia and 2 ventral re- 

ceptacle].—Mathis, 1989: 643 [Austral- 

asian/Oceanian catalog]. 

Psilopa giloipes Becker, 1924: 91.—Hennig, 
1941: 159 [synonymy]. 

Description.—Small to moderately small 
shore flies, length 1.4 to 2.2 mm; mostly 

dark colored except for legs and wings. 

Head (Figs. 1-8): Frons (Fig. 6) with 
width about twice height, black, subshiny 

(especially mesofrons), with thin gray mi- 

crotomentum, especially anteriorly and on 
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Figs. 1-8. Scanning electron micrographs of Clasiopella uncinata (scale length in parenthesis; bar scale for 

all photographs = Fig. 1). 1, Head, lateral view (0.27 mm). 2, Same, anterior view (0.27 mm). 3, Face, anterior 

view (136 um). 4, Left antenna, anterodorsal view (136 um). 5, Vertical setae, anterodorsal view (176 um). 6, 

Frons, anterodorsal view (136 um). 7, Eye and interfacetal setulae, lateral view (30 um). 8, Same, enlargement 

of an interfacetal setula, lateral view (6 um). 

parafrons; ocelli arranged in equilateral tri- well developed, proclinate, mostly parallel. 

angle, with distance between posterior ocelli Antenna brownish black, some specimens 

much greater than between either posterior paler toward base of flagellomere 1; arista 

ocellus and anterior ocellus; ocellar setae (Fig. 4) with 9-11 dorsal rays. Face in lateral 
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Figs. 9-14. Scanning electron micrographs of Clasiopella uncinata (scale length in parenthesis; bar scale for 

all photographs = Fig. 13). 9, Mesonotum, dorsal view (250 um). 10, Scutellum, dorsal view (120 um). 11, 

Thorax, lateral view (231 um). 12, Notopleuron and anepisternum, lateral view (150 um). 13, Left fore femur, 

posterior view (136 um). 14, Male genitalia, lateral view (200 um). 

view generally arched forward, short por- 

tion near midheight and slightly ventrad 

more protrudent and broadly carinate (best 

seen in profile), black, thinly (dorsal 7) to 

densely (ventral ') invested with white mi- 

crotomentum; bearing 2 larger facial setae, 

both inclinate, and a smaller setula postero- 

ventrad. Eye height-to-width ratio 0.75. 

Gena very short, eye-to-cheek ratio 0.10, 
concolorous with ventral portion of face: 

genal seta well developed, length subequal 

to inner vertical seta. Clypeus black with 

whitish microtomentum. Palpus black. 

Thorax (Figs. 9-13): Generally brownish 

black to black; mesonotum (Fig. 9) sub- 

shiny, moderately invested with brown mi- 
crotomentum, microtomentum extended 

laterally to dorsal angle of notopleuron; 

postpronotum, notopleuron, and pleural re- 

gion with whitish gray microtomentum, 

denser on postpronotum and katepister- 

num. Legs mostly yellow; fore coxa whitish 

yellow; apical tarsomeres brown; fore femur 

(Fig. 13) with 2-3 long setae along postero- 

ventral margin, longer setae greater than 

width of femur. Wing hyaline, faintly in- 

fuscate, generally brownish; vein R,,, rel- 

atively short, costal vein ratio averaging 
0.85; M vein ratio averaging 0.5. 

Abdomen: Male genitalia (Figs. 14-20): 

epandrial process (Fig. 15) extended from 

anteroventral angle, comparatively long, 

curved ventrally; dorsal process of surstylus 

(Fig. 17) in lateral view not much more 

broadly developed than ventral process, 

apex of dorsal process rounded with tooth- 
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Figs. 15-20. Structures of the male genitalia of Clasiopella uncinata. 15, Epandrium, lateral view. 16, 

Epandrium and cerci, posterior view. 17, Surstylus, lateral view. 18, Clasper, lateral view. 19, Aedeagus and 

aedeagal apodeme, lateral view. 20, Hypandrium, ventral view. Scale bar equals 0.1 mm. 

like medioapical process, median surface of 

dorsal process irregular, with 2 pointed 

bumps; ventral surstylar process shallowly 

sinuous, gradually tapered to acutely point- 
ed apex; aedeagus (Fig. 19) in lateral view 

curved forward at apical ', apex acutely 

pointed, bearing subapical, lateral, narrow, 
prong-like process with orientation similar 

to that of apical ' of aedeagus, basal portion 

of aedeagus with rounded lobe laterally; ae- 

deagal apodeme (Fig. 19) narrowly trian- 

gular in lateral view; clasper (Fig. 18) very 

distinctive, with a rounded median lobe, 
ventral process, and 2 greatly enlarged setae; 
ventral process of clasper in lateral view al- 

most straight but with irregular margins, 

bearing setulae apically and subapically; 2 

greatly enlarged setae of clasper inserted lat- 

erad of median lobe, dorsal seta smaller, 

nearly straight, ventral seta sinuous; gonite 
more or less triangular in dorsal view, with 

a short, median lobe bearing 2 apical setu- 
lae; basal portion of hypandrium (Fig. 20) 

very narrow, width less than that of aede- 

agus. 
Type material.—The lectotype female, 

designated herein, of Clasiopella uncinata 
is labeled ““Anping[,], Formosa[,] H. Sauter, 
VI. 1912/Hendel det./Syntypus [red]/TY- 

PUS [maroon]/DEI EBERSWALDE.” 
(Taiwan. Anping; ST 42, DEI]/LECTO- 

TYPE ¢2 Clasiopella uncinata Hendel by 
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W.N.Mathis, 1994 [gender, species name, 

designator, and year handwritten; black 
submarginal border]. The lectotype is dou- 

ble mounted (minuten in a thin, rectangular 

block of plastic foam), is in good condition 
(apices of wings torn and missing), and is 

deposited in DEI. A paralectotype female 

(DEI) bears the same locality label data as 

the lectotype. 

The holotype male, not a female as stated 

in the original description, of Psilopa gi- 

loipes 1s labeled ““Anping[,] Formosa X [Oct; 
handwritten] H.Sauter, V. [the Roman nu- 

meral “V,” for the month of May, has a line 

through it, which I presume cancels it with 
the handwritten “X,” or Oct, as the substi- 
tution] 1912/Becker det./gilvipes Beck. [sic!; 

should be giloipes; handwritten]/Holotypus 

{red]J/TYPUS [maroon].”” The holotype is 

double mounted (minuten in a thin, rect- 

angular block of plastic foam), is in good 

condition (some setae are missing and/or 

have their orientation altered; the specimen 

is slightly teneral), and is deposited in DEI. 

Other specimens examined. —Afrotropi- 

cal: MADAGASCAR. Nosy Be, Beach Am- 

batoloaka, 4-7 Apr 1991. A. Freidberg, F. 

Kaplan (24, 22; USNM):; Nosy Be (forest SE 
Lakobe Res.), 5 Apr 1991, A. Freidberg, 

F. Kaplan (12; USNM). Australasian/ 

Oceanian: AUSTRALIA. Queensland: 

Thursday Island, Torres Strait, 19 Aug 1949, 

M. Mackarras (34, 62; ANIC). HAWAII. 

Hawai: Opaeula Pond, North Kona (Mak- 

alawera and Makalapua), 12 Feb 1970, D. 

E. Hardy (16, 12; USNM). Oahu: Kailua (at 

window near beach), | Jun 1946, W. W. 

Wirth (32; USNM); Honolulu, C. R. Joyce, 

Swezey (22; USNM). COMMONWEALTH 

OF THE NORTHERN MARIANA IS- 

LANDS. Saipan (ex. latrine), 3 Sep 1944 (1é: 

USNM). Neotropica: BELIZE. Stann Creek 

District: Carrie Bow Cay, 18-22 Mar-31 
May 1985, 1988, W. N. Mathis (24, 39); 

Dangriga (12 km N), 28 Mar 1988, W. N. 

Mathis (18, 12; USNM):; Man of War Cay, 

24 Jun-8-15 Nov 1987, 1989, 1990, C. 
Feller, W. N. & D. Mathis, H. B. Williams 
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(308, 292); Twin Cays (dock area, east shore 

of East Island), 18 Jan 1987, W. N. Mathis, 
C. Feller (44, 32); Wee Wee Cay, 24 Jan 

1987, W. N. Mathis, C. Feller (12). MEX- 

ICO. Tabasco: Paraiso (5 km E), 6 May 

1985, A. Freidberg, W. N. Mathis (24, 18; 

USNM). West Indies. DOMINICA. Grande 

Savane (pond margin), 20 Mar 1965, W. W. 

Wirth (22; USNM). JAMAICA. Falmouth 

(bay shore), 1 Mar 1969, W. W. Wirth (128; 

USNM); Milk River Bath, 11 Mar 1970, T. 

Farr, W. W. Wirth (58, 22; USNM). TO- 

BAGO. St. John: Charlotteville (5 km S, 

11°19'N, 60°34’W), Hermitage River and 

beach, 11 Jun 1993, W. N. Mathis (48; 

USNM); Speyside (11°18'’N, 60°32'W), 

mouth of Doctor River, 13-15 Jun 1993, 
W.N. Mathis (14, 22; USNM). St. Paul: 

Delaford, Kings Bay (11°16'N, 60°33'W), 

13 Jun 1993, W. N. Mathis (12; USNM). 

Oriental. SRJ LANKA. Northern Province: 

Nay Aru at Pallamandu (10 mi E Mannar), 

12 Feb 1962, H. Andersson, P. Brinck, L. 

Cederholm (16; ZIL). TAIWAN. Anping, 
Apr-May 1912, Sauter (16, 12; ANSP). 

VIETNAM. Horng-Gai, 5 Sep 1963, Pécs 

(16; HNHM). 

Quarantine interceptions from planes. — 

GUAM. [various dates (1938 and 1939) and 

several planes from many islands and coast- 

al sites within the Pacific Ocean area], R. 

G. Oakley (84, 302; ANSP, USNM). HA- 

WAIT. Oahu: Honolulu [various dates (1943 

and 1944), several planes] (34, 42; USNM). 

KENYA. “airplane,” 17 Dec 1934, C. B. 

Symes (16; ANSP). PHILIPPINES. [Clip- 

per” from Midway], 22 Oct 1937 (18; 

ANSP). UNITED STATES. Florida: Mi- 

ami [apparently from Baranquilla, Colom- 

bia] (12; USNM). 

Distribution (locality marked with an as- 
terisk is from the literature). — Afrotropical: 

Kenya, Madagascar. Australasian/Oceani- 

an: Australia (QLD), Guam, Hawauian Is- 

lands (Hawaii, Midway Island, Molokai, 

Oahu), *Northern Marianas. Neotropical: 

Belize, Colombia (possibly), Mexico (TAB), 

West Indies (Dominica, Jamaica, Tobago). 



462 

21 

Figs. 21-25. 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Structures of the male genitalia of Clasiopella austra. 21, Epandrium, lateral view. 22, Surstylus, 

dorsolateral view. 23, Aedeagus and aedeagal apodeme, lateral view. 24, Hypandrium, ventral view. 25, Clasper, 

lateral view. Scale bar equals 0.1 mm. 

Oriental: Philippines, Sri Lanka, Taiwan, 

Vietnam. 

Natural history.—This species, although 

apparently originating in the Australasian/ 

Oceanian and/or Oriental Region, is now 

widespread in the tropics, occurring in the 

African (first recorded by Cresson 1946b: 

256, and reconfirmed here through the re- 

cent collecting efforts of A. Freidberg) and 

New World tropics (primarily in the Carib- 

bean area). Cresson (1945, 1946a, 1946b) 

noted that the specimens he studied from 

Midway Island, the Caribbean, and Kenya 

were interceptions on airplanes, which is a 

further indication that this species was 

probably introduced to these areas. 

Tenorio (1980: 286) found adults on veg- 

etation along the margins of freshwater 

ponds, frequently in association with adults 

of Psilopa girschneri von Réder (as P. olga 

Cresson). The specimens collected in Belize, 

however, were primarily from coastal ma- 

rine habitats. The large series from Man of 
War Cay was found in two habitats. The 

first mostly consisted of damp leaf litter from 

red mangrove (Rhizophora mangle L.) that 

had accumulated just above the high-tide 

zone. The second habitat was a damp to wet 

peat/mud area that before drying was a small 

pool of brackish water. Along the margins 

of the pool were numerous pneumatophores 

of black mangrove (Avicennia germinans (L.) 

IES)! 
Remarks.— Externally this species is dis- 

tinguished from C. austra by the mostly yel- 

low legs (only the apical 1-2 tarsomeres are 

dark brown) and by the comparative differ- 

ence in color and density of the microto- 

mentum on the face versus that on the frons. 
The frons in this species is comparatively 
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thinly invested, and the microtomentum on 

the face gradually becomes denser, appear- 

ing more whitish. The structures of the male 
genitalia are also distinctive (see Figs. 14—- 
20 and species description). 

Clasiopella austra, NEW SPECIES 

Figs. 21-25 

Description. — As in description of C. un- 
cinata except as follows: small to moder- 

ately small shore flies, length 1.95 to 2.4 
mm; generally blackish brown. 

Head: Frons and face densely and uni- 
formly invested with gray to grayish brown 

microtomentum. 

Thorax: Legs, except basal tarsomeres, 

entirely blackish brown; basal 3-4 tarso- 

meres yellow to brownish yellow, apical |- 

2 tarsomeres brown. Costal vein ratio av- 

eraging 0.90; M vein ratio averaging 0.60. 

Abdomen: Tergites black, shiny; Sth ter- 

gite of male with 2 small, oval tergites with- 
in broad, dorsomedial emargination. Male 

genitalia (Figs. 21-25): epandrial process 

(Fig. 21; at anteroventral angle) relatively 

short and straight; surstylus (Fig. 22) with 

cuticular microtrichiae; dorsal process of 

surstylus in lateral view much more broadly 

developed than ventral process, apex of dor- 

sal process appearing blunt to concave, 

bearing numerous setulae in concavity; ven- 

tral surstylar process relatively short, thick, 

with sharply tapered apex; surstylus also 

with a median process, short, rounded, 

bearing apical setulae; aedeagus (Fig. 23) an- 

gularly curved, without lateral prongs, an- 

gulate at apical 's, curved forward in lateral 

view, base with shallow lobe laterally: ae- 

deagal apodeme (Fig. 23) triangular; clasper 

(Fig. 25) in lateral view with a long, narrow 

process, base of process very shallowly 

arched, apical '3—' distinctly curved, blunt- 

ly rounded, bearing setulae along inner sur- 

face of curvature; base of clasper bearing 2 

short setae, neither enlarged; gonite a simple 

sclerite, lacking a lobe that bears setulae; 
basal portion of hypandrium (Fig. 24) mod- 
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erately narrow, width greater than that of 

aedeagus. 

Type material.—The holotype male is la- 

beled ‘“‘Australia. N.S.W. Careel Bay, Av- 

alon (mangrove), 4 Jun. 1962, D. K. 

McAlpine [handwritten]/Aust. Mus. Col- 

lection. [red with black border]/HOLO- 

TYPE Clasiopella austra ¢ W. N. Mathis 

[red; species name and gender handwrit- 

ten].’’ The allotype female and seven para- 

types (14, 62; AM, USNM) bear the same 

locality data as the holotype but with the 

same or other dates. Other paratypes are as 

follows: AUSTRALIA. New South Wales: 

Mactesville, 3 Dec 1961, D. K. McAlpine 

(14, 42; AM, USNM); Nelligen (tidal flat), 

1 Feb 1973, D. H. Colless (14; ANIC). 
Northern Territory: Batten Point (30 im NE 

by E of Borroloola), 19 Apr 1976, D. H. 

Colless (12; ANIC). Queensland: Cairns, 19 

Apr 1957, W. W. Wirth (18; USNM). The 

holotype is double mounted (glued to a pa- 

per point), is in good condition, and is de- 

posited in the Australian Museum. 

Etymology.—The species epithet, austra, 
refers to the distribution of this species in 

the southern hemisphere. 

Remarks.—This species is easily distin- 

guished from C. uncinata by the dark col- 

ored legs, especially the femora and tibiae, 

and by the uniform investment and color 

of the microtomentum on the face and frons. 

The structures of the male genitalia are also 

distinctive (see Figs. 21-25 and species de- 

scription). 
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MICROPEZA CORRIGIOLATA (L.), A EURASIAN STILT-LEGGED FLY 
(DIPTERA: MICROPEZIDAE) NEW TO NORTH AMERICA: 

REDESCRIPTION, GEOGRAPHIC DISTRIBUTION, AND BIONOMICS 

E. RICHARD HOEBEKE AND A. G. WHEELER, JR. 

Department of Entomology, Cornell University, Ithaca, New York 14853, and Bureau 

of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, Pennsylvania 17110. 

Abstract. -The common and widespread Eurasian micropezid fly Micropeza corrigiolata 

(L.) is reported for the first time from North America. Adults were collected in late June 

1993 in New Brunswick, Canada. This adventive species is redescribed, and habitus 

photographs of the male and female are provided to facilitate identification. Notes on its 

geographic distribution, bionomics, and ecology are provided. A key to the species of 
Micropeza of Canada and Alaska (Merritt and Peterson 1976) is modified to include M. 

corrigiolata. 

Key Words: 
tion, bionomics 

During our continuing search for immi- 

grant insects in eastern North America, we 

collected ten specimens of a small stilt-leg- 

ged fly in New Brunswick, Canada, that 

proved to be the Palearctic Micropeza cor- 

rigiolata (L.), family Micropezidae. This 

species has not been recorded before in 

North America. 

DIAGNOSTIC FEATURES 

The Canadian specimens agree with the 

description of M. corrigiolata and key readi- 

ly to that species in the European literature 

(Czerny 1930, Shtakel’berg 1988, Rohacek 

and Bartak 1990). For final identification, 

comparative material of Micropeza corri- 

giolata from Europe were obtained from the 

National Museum of Natural History, 

Smithsonian Institution, Washington, D.C. 

Terminology used in the description below 

follows that of Merritt (1971), and Merritt 

and James (1973). 

Redescription. Male (Figs. 1, 2): Head 

glossy and polished, mainly black, including 

Diptera, Micropeza corrigiolata, stilt-legged fly, North America, distribu- 

parafrontal area, epicephala, and ocellar 

spot; mesofrons black; face and bucca pale 

yellow to almost white; paracephala and oc- 

ciput black with oral margin pale yellow; 

frontale not differentiated; distal portion of 

proboscis pale yellow, proximal portion 

black; palpus dark brown to black; antenna 

black, arista white, brownish at extreme 

base; inner- and outer-vertical bristles, and 

postvertical bristles black. 

Thorax dull black, except prosternum 

whitish, distinctly cinereous-pruinose; 

meso- and metasternum with dark bristles 

or bristlelike setae; strong bristles of thorax 

black. Haltere yellow. Wing brownish hy- 

aline, veins brown. Procoxa yellow; meso- 

and metacoxa brownish; femur yellow-or- 

ange, except preapical ring (annulus) and 

apices of meso- and metafemora brownish; 

profemur with apical half, and all tibiae and 

tarsi brownish. Legs clothed with black se- 

tae and bristles. 
Abdomen (Fig. 2) mostly black; tergites 

narrowly pale yellow to white at posterior 
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Figs. 1-3. 

abdomen and genital structures, lateral aspect. Collected at St. John, St. John Co., New Brunswick, Canada, 24 

June 1993. 

and lateral margins; sternites also brownish 

to black except for pale lateral margins. Ter- 

minalia (Fig. 2) brown to black. Sternite 5 

without pair of lobes or claspers [= abdom- 

inal clasping organ; ““Kopulationsgabel” of 

Emden and Hennig (1970)]. Abdomen ci- 

nereous-pruinose, except for ninth tergite 

more or less polished. Length 4.5-5.0 mm. 

Female (Fig. 3): Similar to male in most 

respects, but somewhat larger. Ovipositor 

glossy black, slender, tapered towards apex. 

Length 5.0-7.0 mm. 

Micropeza corrigiolata. |, Male habitus, lateral aspect. 3, Female habitus, lateral aspect. 2, Male 

DISCUSSION 

An important early work on the taxon- 

omy of the North American Micropezidae 

is that of Cresson (1938), who recognized 

eight Nearctic species of the genus Micro- 

peza (subgenus Micropeza) and divided 

them into three species groups (corrigiolata, 
turcana, and nitidor groups). Ten Nearctic 

species of Micropeza (Micropeza) are now 

recognized, distributed chiefly in western 

North America and ranging from the north- 
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ern Great Plains southward into Mexico and 

the Neotropical Region (Merritt and James 

1973, Steyskal 1987). 

In addition to being the only eastern North 

American Micropeza, M. corrigiolata is eas- 

ily distinguished from the other Nearctic 

members of the genus by the lack of an ab- 

dominal clasping organ in the male (all oth- 

ers have the fifth abdominal sternite with a 

well-developed pair of lobes or claspers) and 

the mainly black coloration (most other spe- 

cies have variable color patterns of the head 

and thorax). 

Merritt and Peterson (1976) provided a 

synoptic review of the micropezid species 

in Canada and Alaska, with keys, illustra- 

tions, and descriptions of four new species. 

They did not treat MW. corrigiolata. Had 
specimens of this rather distinctive species 

been housed in the various institutional col- 

lections they studied, they would surely have 

noted and recorded it from Canada. 
As a result of their extensive study, Mer- 

ritt and Peterson (1976) recorded four spe- 

cies of Micropeza from Canada and Alaska, 

including the newly described M. chillcotti. 
All are known from states and provinces 

west of the Mississippi River in the United 
States, and the 90th Meridian in Canada. 

The following changes should be made to 

the Merritt and Peterson (1976) key to spe- 

cies of Micropeza (couplets 5-7, p. 1490) to 

include M. corrigiolata. Figure numbers 

printed in boldface type refer to figures pub- 

lished with the original key. 

(Couplets 14 unmodified). 

5. Fifth sternite of male either directed posteri- 

orly and apically expanded into platelike 

structure, or modified into clasping organ, di- 

rected anteriorly as pronglike, digitate process 

Re oe oor, Seon on STATE cor ; Sa 

platelike structure or clasping organ) (Fig. 2) 

RA ations SAEED ar th Aa A Peta at corrigiolata (L.) 
Sa. Fifth sternite of male directed posteriorly, and 

expanded into a platelike structure as in Fig. 

5; male surstyli modified into large cupped 

structures (Fig. 5). Head with a broad U-shaped 

marking (Fig. 6). Mesonotum blackish and 
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densely greyish pruinose, with distinct vittae 

(Fig. 6) ... chillcotti Merritt and Peterson (1976) 

— Fifth sternite of male modified into clasping 

organ, directed anteriorly as a pronglike, dig- 

itate process (Figs. 7, 9, 11); male surstyli sim- 

ple and reduced in size. Head and mesonotal 

pattern not as above ........... Re ee ORONO 6 

(Couplets 6 and 7 unmodified). 

GEOGRAPHIC DISTRIBUTION 

Micropeza corrigiolata is widely distrib- 

uted throughout all parts of Europe, Turkey, 
and also vast areas of the European part of 

the former Soviet Union including Estonia, 
Latvia, Lithuania, Russia, Byelorussia, 

Ukraine, and Moldavia (Sods 1984). In 

North America, it is known only from two 

localities in New Brunswick, Canada: St. 

John Co., St. John, 24-25 June 1993, 
sweeping vegetation, 4 males, 5 females; 

Westmorland Co., Moncton, 25 June 1993, 
sweeping vegetation, | male. Specimens are 

deposited in the Cornell University Insect 

Collection (Ithaca, NY) and the United 

States National Museum of Natural History 
(Washington, DC). 

We observed and collected these flies from 

low-growing vegetation alongside several 

warehouse buildings near a railroad yard 

and along tracks at St. John, and on vege- 

tation at another railroad right-of-way at 

Moncton. Flies were quite abundant at the 

two locations in St. John. 

BIONOMICS 

Adults of MM. corrigiolata are common in 

habitats with leguminous plants, and are 

usually observed on vegetation in damp and 

shady places, in meadows and fields, resting 
and running on the upper surface of foliage 

of bushes and other herbaceous plants (Ro- 

hacéek and Bartak 1990). While resting or 

running on foliage with wings folded over 
their abdomens, adults rub and wave their 

foretarsi in front of them (personal obser- 

vation), a habit also observed for other mi- 

cropezids (Berg 1947). Flies may occur in 

great numbers, especially on legumes, from 
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the beginning of June until the middle of 

July in Europe (Miller 1957). In Britain and 
western Europe, this species is not uncom- 

mon in gardens, where it likely breeds in 

compost heaps (Chinery 1986). Séguy (1951) 

stated that adults of M7. corrigiolata are pre- 
dacious (““zoophagous”’) on other small in- 

sects; this predatory habit of micropezids 

has been subsequently mentioned by such 

workers as Oldroyd (1964: 177) and Colyer 

(1968: 200). Merritt and James (1973), 

however, proposed that adults feed on ex- 

crement, carrion, and putrefied fruit, based 

on their sponging mouthparts. 

Larvae of M. corrigiolata have been reared 

from root nodules of field pea (Pisum ar- 
vense L.), red clover (Trifolium pratense L.), 

and alfalfa (Medicago sativa L.) in Europe 

(Miller 1957, Ferrar 1987). Although this 

species has not been specifically recorded as 

a pest, its mere abundance at times may be 

detrimental to the growth of legumes (Ferrar 
1987). Eggs are presumably laid beneath the 

soil surface, and upon hatching, the larvae 
begin to attack fresh, healthy nodules (never 

decaying ones). They tunnel into nodules, 

hollowing them out, until only an empty 

shell remains. Fully fed third-instar larvae 
burrow about 30 cm into the soil to over- 

winter. Pupation occurs in the soil in spring 

(Miller 1957, Ferrar 1987). A single gen- 

eration is produced annually. 

The egg, larval stages (first, second, and 

third instars), and puparium are described 

in detail and illustrated by Miiller (1957). 

Ferrar (1987: 220), however, suggested that 

Miiller’s description of the first instar of 7. 

corrigiolata does not apply to a micropezid. 

Steyskal (1964) presented a key to the known 

third-instar larvae of Micropezidae, includ- 

ing M. corrigiolata. 
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NEMULA, A NEW GENUS OF NEMINIDAE 
(DIPTERA) FROM MADAGASCAR 

AMNON FREIDBERG 

Department of Zoology, The George S. Wise Faculty of Life Sciences, Tel Aviv Uni- 

versity, Tel Aviv 69978, Israel. 

Abstract. — Nemula, a new genus of acalyptrate flies, and three new species (N. argentata, 
N. longarista and N. major) are described from Madagascar. The genus is placed in the 

family Neminidae, which is raised from a subfamily of Aulacigastridae to full family 

status. 

Key Words: Diptera, Neminidae, Nemula 

mula major, Madagascar 

McAlpine (1983) proposed the subfamily 

Nemininae in the Aulacigastridae for the 

genera Nemo (Australian, six species) and 

Ningulus (South African, one species), both 
of which he also described. McAlpine (1985) 

added a new species of Nemo from Papua 

New Guinea and characterized three species 

groups within the genus. Ferrar (1987) men- 

tioned biological data for Nemininae, and 
Evenhuis (1989) cataloged the Australasian 

species. These few papers comprise the 

available literature on this uncommon sub- 

family. 

In his excellent treatment of the group, 

McAlpine (1983) separated the Aulacigas- 

tridae into two subfamilies, the Nemininae 

(with Nemo and Ningulus) and the Aula- 

cigastrinae (with Aulacigaster Macquart and 

Schizochroa Hennig), but he synonymized 
Schizochroa with Aulacigaster, resulting in 

a monobasic subfamily Aulacigastrinae. 
McAlpine (1983) presented 10 characters 

that the Neminidae and Aulacigastridae 
share, but recognized that several of them 

were of little value as indicators of relation- 

ships. Conversely, McAlpine presented 18 

characters to separate the Nemininae from 

, Nemula argentata, Nemula longarista, Ne- 

the Aulacigastrinae and also stated: “I... 

place the Nemininae in the family Aulaci- 

gastridae as the family of best fit, although 
I find it easier to give evidence of their tax- 

onomic distinction than convincing evi- 

dence for uniting them.” Based on a prelim- 

inary study of about 35 species of 

Aulacigaster (most undescribed; Freidberg 

& Mathis, in preparation), discussions with 

D. K. McAlpine and W. N. Mathis, and the 
present study, I fully support the above 

statement and therefore raise the Nemini- 

nae to family rank. Mathis and I also sup- 

port the above mentioned synonymy of Au- 

lacigaster and Schizochroa. 

The present study was initiated during a 

collecting trip to Madagascar, when, in one 

week, three new species of an undescribed 

genus of Neminidae were collected. The col- 

lection of one species each in the northern, 
central-eastern and southern parts of the 1s- 

land during such a short period 1s undoubt- 

edly an indication of a much richer fauna 

of this family that is still awaiting discovery 

on this island (see also McAlpine 1983). 

Terminology essentially follows Mc- 

Alpine (1981). 
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Family Neminidae McAlpine, 

New Status 

The family was characterized by Mc- 
Alpine (1983), as the subfamily Nemininae 

in the Aulacigastridae. Nemu/la, the new ge- 

nus described below, fits very closely 

McAlpine’s (1983) characterization of the 

Nemininae, which he compared to Aula- 

cigastrinae. This characterization is repeat- 

ed here, as a family diagnosis, with some 

modifications necessary to accommodate the 
new genus (deviations from McAlpine’s 

characterization are explained in parenthe- 

ses): 

1. Frons with pair of convergent (accord- 

ing to McAlpine, sometimes incon- 

spicuous) interfrontal setae near ptili- 

nal suture. 

2. Postocellar (= postvertical) seta pres- 

ent. 
3. Rays of arista dense, not seriate. 
4. Arista 3-segmented, entirely micro- 

trichose (in Nemo and Ningulus) or bare 

basally (in Nemu/a no rays are visible 

on the two proximal aristomeres and 

on the short thick base of the distal aris- 

tomere). 

5. Apical pair of scutellar setae erect. 
6. Anepisternum bare (in Nemo and Nin- 

gulus) or with 1| tiny seta (in Nemula). 

7. Anepimeron with | or more setulae. 

8. Prosternum much longer than wide. 

9. Sclerotized part of subcosta reaching 

much less than halfway from humeral 

crossvein to costal break (in Nemula 

the subcosta is entirely unsclerotized 

and barely visible). 

10. Crossvein r-m beyond middle of com- 

pound cell dm+bm. 

11. Cell dm more than half as wide as cell 
m at level of crossvein dm-cu. 

12. Terminal segment of tarsus subtrian- 

gular, depressed. 

13. Female preabdomen of 4 segments. 

14. Female postabdomen very long when 

extended (about as long as preabdo- 

men). 
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15. Surstylus loosely articulated with epan- 

drium. 

16. Male terminalia without bacilliform 

sclerites. 

17. Distiphallus long, usually densely spi- 

nulose, asymmetrically curved (not spi- 

nulose in Nemula). 

18. Ejaculatory apodeme much reduced or 

apparently absent. 

KEY TO THE GENERA OF NEMINIDAE 

1. Head strongly depressed, distinctly longer than 

high; fronto-orbital setae numerous, short; an- 

terior notopleural seta inserted more dorsally 

than posterior notopleural seta; postalar seta 

present; scutellum with 3-4 (pairs) setae (only 

2 pairs in an undescribed species from Zim- 

babwe); apical spur of hind tibia short but strong 

(SouthyAtrica) is cccac seers Ningulus McAlpine 

— Head not depressed, about as high as long or 

distinctly higher than long; fronto-orbital setae 

1-2, at least 1 long; posterior notopleural seta 

inserted more dorsally than anterior notopleur- 

al seta; postalar seta lacking; scutellum with 2 

pairs of setae; apical spur of hind tibia very 

in = a9 n > oO 3 Oo: a < @. 5 ee =e ° 5 o < oe ° = za [=] 3 o 4 = 
crossvein to fork of vein R, distinctly shorter 

than vein R,, vein R,,, and usually also than 

common stem of veins R,,, and Ry, (in other 

words: all forks of vein R are in proximal 4 of 

wing); cell dm narrow, almost parallel sided 

and truncate apically. Outer vertical seta pres- 

ent; 2 long fronto-orbital setae, anterior procli- 

nate, posterior reclinate (Australia, Papua New 

GUINEA) Soa oucts eeu) bys oye _.. Nemo McAlpine 

— Wing (Figs. 10-12): Stem of vein R, from level 

of humeral crossvein to fork of vein R,, dis- 

tinctly longer than vein R, and common stem 

of veins R,,, and R,,,;, longer or as long as 

vein R,,, (in other words, all forks of vein R 

are in second proximal '4 of wing); cell dm 

strongly widened to level of crossvein r-m; 

crossvein dm-cu strongly oblique, resulting in 

distally pointed cell dm. Outer vertical seta 

absent; | long reclinate or proclinate fronto- 

orbital seta, occasionally with additional an- 

terior reclinate setula (Madagascar) 

BG Arias Nemula new genus 

Nemula Freidberg, NEw GENUS 

Type species: Nemula longarista new spe- 

cies, by present designation. 
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Nemula was carefully compared to the 

detailed descriptions of the two other con- 

familial genera. The main characters distin- 

guishing it from both genera are the wing 

venation and chaetotaxy: stem of vein R, 
distad of level of humeral crossvein, dis- 

tinctly longer than vein R,, longer than 

common stem of veins R,,, and R,,;, lon- 

ger or as long as vein R,, ;; cell dm strongly 

widened to level of crossvein r-m; crossvein 

dm-cu strongly oblique, resulting in distally 

pointed cell dm; cell cup small and wide 

basally, located far basally, overlapping cell 

dm only along , length of the latter; only 

1 (apparently the inner) vertical seta pres- 

ent; | long fronto-orbital seta, usually pro- 

clinate; anepisternum with small seta. 

Nemula is similar to Nemo and agrees 

with most of its characters, as given by 

McAlpine (1983). The following are differ- 

ences from McAlpine’s original description 

of Nemo: 

Head: Occiput concave, as in Nemo, not 

flat as in original description of Nemo; eyes 

without short interfacetal setulae; postocel- 

lar (= postvertical) setae short or long, di- 

vergent; only | vertical seta (not 2) present, 

slightly eclinate but, judging from its inser- 
tion, it is probably inner vertical; no addi- 

tional seta present posterior to it; | strong 

fronto-orbital seta, on vertex or more an- 

teriorly, proclinate (2 spp.) or reclinate (1 

sp.), with or without additional, much 

shorter, reclinate seta or setula at about 

midheight of frons, both aligned longitu- 
dinally; ventroclinate peristomal (= subvi- 

brissal) setae gradually become dorsoclinate 
vibrissal setae, without clear demarcation; 

nor is there demarcation between this series 

and genal seta in 2 spp.; arista 1-2.5 times 

as long as head, with rather long rays 

(“hairs’’), extended from narrowed region 

of terminal aristomere to tip, but not visible 

on basal aristomeres; palpus with 1-3 setu- 

lae apically. 

Thorax: Scutum as long as wide or wid- 

er; scutellum rather wide, about twice as 

wide as long; prosternum well sclerotized, 
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longer than wide; anepimeron with | procli- 

nate or dorsoclinate seta; notopleural setae 

2, subequal or posterior one much longer; 

1-2 dorsocentral setae; anterior dorsocen- 

tral seta, if present, at normal placement; 

posterior dorsocentral seta inserted very lat- 

erally; 1 intra-alar (perhaps this seta is the 

supra-alar) seta; basal scutellar seta sub- 

equal to, or much shorter than, apical seta: 

anepisternal seta present, small, dorsocli- 

nate; thorax, or at least scutum, partly or 

predominantly dark. 

Legs: Hind femur with | or few preapical 

dorsal setae. 

Wing: Costal break present (2 spp.) or 

lacking (1 sp.); subcosta as in Nemo, al- 

though weaker, closer to vein R,, and barely 

visible; stem of vein R, from level of hu- 

meral crossvein to fork of vein R,, unusu- 

ally long, distinctly longer than vein R, and 

common stem of veins R,,, and R,,;, lon- 

ger or as long as vein R,,, (in other words, 
all forks of vein R are in second proximal 

“4 of wing); crossvein bm-cu lacking entire- 

ly, and cells bm and dm entirely confluent; 

cell dm strongly widened to level of cross- 

vein r-m; crossvein dm-cu strongly oblique, 

resulting in distally pointed cell dm: cell cup 

shorter and wider at middle, narrowed dis- 

tally; more or less conspicuous dark pattern 

present, often restricted to anteromesal part 

of wing (around cell r,); halter large, with 

large knob. 

Abdomen: Short, wide and truncate; with 
4 preabdominal segments (as in Nemo); T1 

represented by two small, rounded, lateral 

sclerites, not united with T2; T2-T4 with 
distinct furrow along most of posterior mar- 

gin; terminalia (based on Jongarista): gon- 

ites fused, forming cuplike structure; disti- 

phallus completely glabrous: female 

preabdomen and postabdomen similar to 

those of Nemo, with the following differ- 

ences: Tl as described above; spermathecae 

(2) with 3 sclerotized, serially attached glob- 

ules. 

Egg (Fig. 20): Sixteen mature eggs were 

found in the abdomen of a pinned female 
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of /ongarista. The egg is elongate oval, 

slightly more narrowed at the micropylar 

end, and is 0.4 x 0.14 mm. The mycropylar 

end is craterlike, packed with pointed pro- 

jections. The chorion bears a pattern of pen- 

tagonal reticulation in the middle of the egg. 

The main differences from Ningulus (con- 

dition in Ningulus follows in parentheses) 

are: Head not depressed (head depressed); 

1 long fronto-orbital seta present, often 

proclinate (several short fronto-orbital se- 

tae, not proclinate); posterior notopleural 

seta more dorsal than anterior notopleural 

seta (anterior notopleural seta more dorsal); 

scutellum with 2 pairs setae (3-4 pairs of 

scutellar setae in the only described species 

of Ningulus, but 2 pairs in an undescribed 
species from Zimbabwe); stem of vein R, 

from level of humeral crossvein to fork of 

vein R,, distinctly longer than vein R,, dis- 

tinctly longer than common stem of vein 

R,,;, and vein R,,;, longer or as long as 

vein R,,; (stem of vein R distinctly shorter 

than all these sections); terminal spur of hind 

tibia indistinct (short but strong). 

Etymology.—Nemula is a diminutive of 

the Greek nema, a thread, in reference to 
the arista. The gender is feminine. It was 

suggested by Dr. D. K. McAlpine. 

Distribution and biology.— Nemula is re- 

stricted to Madagascar. All three species 

were collected during the rainy season. Two 

of the three species were collected from 

leaves of relatively low Ravenala madagas- 
cariensis Gmel. (Musaceae). Additional de- 

tails are given under each species. 

KEY TO THE SPECIES OF NEMULA 

1. Notopleural setae subequal (Fig. 9); scutellum 

predominantly black, only posterior margin 

yellow; wing almost uniformly brown, without 

conspicuous isolated dark spot at level of cell 

r, (Fig. 12); larger species, wing length 2.5 mm 

(northern Madagascar) .... N. major, new species 

— Anterior notopleural seta reduced, much short- 

er than posterior seta; scutellum entirely or pre- 

dominantly yellow; wing grayish, with con- 

spicuous dark spot at level of cell r,; smaller 

species, wing length less than 1.8 mm ....... g} 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

2. Arista extremely long, about 2.5 times as long 

as head (Fig. 2); anterior dorsocentral seta lack- 

ing; basal scutellar seta reduced, much shorter 

than apical scutellar seta (Fig. 7); silvery areas 

restricted to narrow band along posteroventral 

margin of eye; dark spot on wing paler and 

narrower, not extended to distal half of cell r,; 

cell r, very short (Fig. 10) (central-eastern Mad- 

agascar) N. longarista, new species 

— Arista shorter, about 1.5 times as long as head 

(Fig. 5); two dorsocentral setae present; scu- 

tellar setae subequal, long (Fig. 8); head with 

wide silvery band extended along posterior and 

ventral margin of eye and over ventral part of 

face; dorsal part of anepisternum with similar 

silvery band; dark spot on wing darker, occu- 

pying entire cell r, except a narrow central hy- 

aline spot; cell r, longer (Fig. 11) (southern 

Madagascar) ..N. argentata, new species 

Nemutla longarista Freidberg, 

NEw SPECIES 

Figs. 1-4, 7, 10, 13-20 

Head (Figs. 1-4): Structure: Height/ 

length ratio 1.2; strongly triangular in lateral 

view, with frons and dorsal '2 of face gen- 

erally sloping as a single plane to about mid- 
height of face, which 1s strongly protrudent 

and snoutlike, but face with wide, strongly 

projected carina between antennae and deep 

transverse depression between this carina 

and ventral, snoutlike part; ventral part of 
face convex, receded, ventral margin aligned 
only slightly anterior to ventral margin of 

eye; eye elliptical, nearly parallel to frons; 

gena narrow, less than half height of Ist 

flagellomere; postgena about as wide as short 

diameter of eye; occiput deeply and uni- 

formly concave; frons flat, with weak de- 
marcation of plates, except ocellar triangle; 

frons width/head width ratio (at vertex) 

0.46-0.5; antenna short; scape practically 

invisible; pedicel large, with distal margin 

laterally slightly sinusoidal, and mesal mar- 

gin triangular, strongly projected, almost 

reaching tip of Ist flagellomere; Ist flagel- 
lomere rounded, lateral aspect slightly high- 

er than long; arista dorsal, 3-segmented, ex- 

tremely long, about 2.5 times as long as head, 
with long dense rays, in pinned specimens 

usually upcurved above head; proboscis 
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Figs. 1-6. Head and appendages. 1, Nemu/a longarista, anterior view (aristae not shown to the whole length). 

2, N. longarista, lateral view. 3, N. longarista, arista. 

view. 6, N. major, lateral view. 

short; palpus small. Chaetotaxy: Postocellar 

setae strongly divergent; vertical seta slight- 

ly eclinate; fronto-orbital seta perpendicu- 

lar, transversely aligned anterior to ocellar 

setae, with reclinate setula anterior to it; 
ocellar seta and short mesoclinate and proc- 

linate interfrontal setulae present; buccal, 

genal and row of about 9 ‘‘peristomal” setae 

present; setae on dorsal part of head gen- 

erally brown; setae on ventral part generally 

yellow; pedicel with several fine, yellow se- 

4, N. longarista, base of arista. 5, N. argentata, lateral 

tae ventrally and several stout blackish setae 

mesodistally. Coloration: Almost entirely 
yellow to orange yellow, subshiny, with or 

without sparse grayish microtomentum; 

dorsocentral part of occiput, ocellar trian- 

gle, dorsal part of | st flagellomere and arista 
blackish; narrow band of denser, silvery m1- 

crotomentum present along posterior mar- 
gin of eye. 

Thorax (Fig. 7): Scutum about as wide 

as long; scutellum large, rounded, about ' 



476 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

12 9 

Figs. 7-12. Thorax, dorsal view, and wing. 7, Nemula longarista, thorax. 8, N. argentata, thorax. 9, N. major, 

thorax. 10, N. longarista, wing (drawn from slide). 11, N. argentata, wing. 12, N. major, wing (both drawn from 

pinned specimens). 
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Figs. 13-15. Nemula longarista, male terminalia. 13, lateral view. 14, dorsal view. 15, posterior view. 

as longas scutum. Chaetotaxy: postpronotal 
seta small, yellowish; notopleural setae 1 + 
1, yellow, anterior much smaller: | short 
intra-alar (perhaps the supra-alar): 1 (pos- 
terior) dorsocentral seta; | small, brownish, 
setulalike posterodorsal anepisternal seta: 1. 
similar, anepimeral seta; | long, yellow, kat- 
episternal seta; scutellum with 2 brown se- 
tae: basal seta small, setulalike; apical setae 
the longest on the body, erect or semi-erect, 
distantly placed from each other, divergent; 
no other major setae, although few setulae 

on scutum forming dc row, and 2-4 setulae 
forming uni- or bi-seriate acrostichal rows: 
thorax predominantly yellow, with large 
dark brown area occupying most of scutum, 
except laterally, and base of scutellum, es- 
pecially laterally; subscutellum similarly 
dark; all parts subshiny, with sparse gray 
microtomentum. 

Legs: Yellow, distal tarsomere brown- 
ish, with long, straight apical setae: other 
setae short, yellow, but midtibial spur long, 
brown. 
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Wing (Fig. 10): As for genus; general tone 

grayish, with brown spot over weakly de- 

limited pterostigma and basal half of cell r,, 

extended over fork of veins R,., and R,,., 
including base of cell r,,,, to crossvein r-m; 

alula and anal lobe brownish; costal break 

distinct; wing length: 1.54-1.8 mm; calyp- 

teres brownish; halter large, yellowish. 

Abdomen: Short and wide; preabdomen 
with 4 visible segments (Fig. 16); Tl sepa- 

rated into 2 small rounded lateral sclerites, 
incompletely fused with T2; T2-T4 very 
wide and short, each with conspicuous sub- 

marginal furrow extended almost the entire 

width of tergite, brown, except narrow yel- 

low margin, shiny, without microtomentum 

and setae, but with some yellow setulae 

marginally and laterally; male postabdo- 

men large; surstylus freely articulated with 

epandrium (Fig. 13), strongly toothed pos- 

teriorly (Fig. 15); cercus slender, pointed; 
hypandrium a simple deeply arcuate sclerite 

(Fig. 14), open posteriorly, partly surround- 

ing base of distiphallus; gonites fused, form- 

ing cuplike structure; aedeagal apodeme 

normal, forked posteriorly where it meets 

base of distiphallus; ejaculatory apodeme 
not observable; distiphallus (Figs. 13, 14) 

large, heavily sclerotized, curved, becoming 

bulbous distally, but apex flattened, almost 

forming a flat disc (which is protrudent from 

concavity where it is recessed), not setose, 

but with various ridges. Female postabdo- 

men (Figs. 16, 17): elongate, folding tele- 
scopically, when extended about as long as 

preabdomen; segment V (lst postabdom- 

inal segment) with reduced tergite and ster- 

nite; tergites and sternites VI and VII ves- 

tigial, each appearing as a pair of slender 

sclerites; tergite and sternite VIII similar but 
wider. Spermathecae (Fig. 18) 2, each with 

3 sclerotized globules, serially attached to 

each other. Ventral receptacle ? (Fig. 19): a 
sclerotized, bifid structure possibly serves 

as a sperm reservoir. 

Egg (Fig. 20): Sixteen mature eggs were 
found in the ovaries of a dissected female. 

The eggs were elongate oval, 0.4 x 0.14 
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mm, with conspicuous, craterlike micro- 

pylar end, packed with setaelike projec- 

tions. Chorion mostly smooth, but centrally 
with distinct reticulation composed of pen- 

tagonal or rounded cells. 

Etymology.—This species is named for its 

very long arista. 
Material Examined.— Holotype 6, MAD- 

AGASCAR Efast]: Perinet (Andasibe) 16, 

17.1V.1991, A. FREIDBERG & FINI KAP- 

LAN, on Ravenala madagascariensis. Para- 
types: same locality data as holotype (20 4, 

12 2). The holotype is double mounted on 

minute nadel and plastic block, is in excel- 

lent condition and is deposited together with 

most paratypes in the Zoological Museum 

of Tel Aviv University. Paratypes sent to 
Australian Museum (Sydney, Australia), The 

Natural History Museum (London, En- 

gland) and National Museum of Natural 

History, Washington, D.C., U.S.A. 

Biology.—All the specimens of the type 

series were swarming on the upper side of 

large leaves of Ravenala madagascariensis, 

forming part of the understory of the rather 

dense and dark forest in Perinet. The move- 

ment of the flies on the leaves was similar 

to that of many other dipterous families (we 

actually thought that they were chloropids) 

and entirely different from the side walking 

of Stenomicra Coquillett (Periscelididae) or 

the back walking of Neurochaeta McAlpine 
(Neurochaetidae), two other taxa that share 

the same biotope (Ravenala) in Madagas- 
car. Another noteworthy observation was 

that the flies were active despite a contin- 

uous rain that moistened the upper side of 

the leaves entirely. 

Nemula argentata Freidberg, 

New SPECIES 

Figs. 5, 8, 11 

This species is similar to /ongarista in size 
and most structural characters but differs 
predominantly in its dark coloration, pres- 

ence ofa silvery area laterally on the thorax, 
and more extensive wing pattern. Differ- 

ences are as follows: 
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Figs. 16-20. Nemula longarista, female abdomen and terminalia. 16, Preabdomen and postabdomen, dorsal 

view. 17, Postabdomen, ventral view. 18, Spermatheca. 19, Ventral receptacle ?. 20, Ovarian egg (inserts: 

enlargement of micropyle and chorion reticulation near center of egg). 

Head (Fig. 5): Frons width/head width 
ratio (at vertex) 0.6-0.65; gena wider, al- 

most equal to height of Ist flagellomere; 
arista shorter, only about 1.5 times as long 

as head, not upcurved; fronto-orbital setae 

transversely aligned posterior to ocellar se- 

tae, without additional setula; all cephalic 

setae dark brown to blackish; head almost 
entirely orange brown to brown; blackish 

parts similar to N. /ongarista, except Ist fla- 
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gellomere, which is entirely orange; wide 

band of dense, silvery microtomentum 

present along posteroventral margin of eye, 

extended to ventral end of parafacial and 

over ventral part of face, below “snout.” 

Thorax (Fig. 8): Scutum slightly wider 
than long; all setae brown or blackish; in 

addition to setae mentioned for /ongarista, 
there is a pair of anterior dorsocentral setae 

transversely aligned slightly posterior to 

posterior notopleural setae; the 2 scutellar 

setae are subequal, the basal semi-erect, the 

apical erect; thorax predominantly brown 

or brownish, with large dark brown area 

occupying most of scutum, except postero- 

laterally, along transverse suture and post- 

pronotum; latter parts yellow; scutellum en- 

tirely yellow, although laterally translucent 

and appearing darker; dorsal part of anepi- 

sternum, above seta, nearly horizontal, 
strongly silvery microtomentose, glistening 

almost mirrorlike. 

Legs: Femora and tibiae, except extrem- 

ities, dark brown to blackish, remaining 

parts yellow, but hind leg distinctly darker 

than other legs; setae brown, midtibial spur 

black. 
Wing (Fig. 11): Generally grayish, with 

larger blackish spot over pterostigma and 

cell r,, extended likewise to crossvein r-m, 

but leaving center of cell r, hyaline; cell r, 

larger; wing length: 1.7 mm; halter whitish, 

with yellow stem. 
Abdomen: Tergites dark brown, without 

yellow margins, with sparse microtomen- 

tum and without setae; furrow on T3 less 

conspicuous. Male terminalia not studied. 

Female unknown. 

Etymology.—This species is named for 

the silvery patches on the head and thorax. 

Material examined.— Holotype ¢, MAD- 

AGASCAR Sfouth]: 10 km North Fort 

Dauphin, 18.1V.1991, A. FREIDBERG & 
FINI KAPLAN, on Ravenala madagascari- 

ensis. Paratype: same locality data as ho- 

lotype (1 4). The holotype is double mount- 

ed on minute nadel and plastic block, is in 

very good condition and is deposited to- 
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gether with the paratype in the Zoological 

Museum of Tel Aviv University. 
Biology.— The two specimens comprising 

the type series were swept from the large 

leaves of Ravenala madagascariensis that 

grew within a dense boggy patch of forest 

in the midst of meadows. 

Nemula major Freidberg, NEw SPECIES 

Figs. 6, 9, 12 

This species is similar to /ongarista in 

most structural characters but differs in the 
larger size and darker coloration. Differ- 

ences are as follows: 
Head (Fig. 6): Height/length ratio about 

1.35; frons width/head width ratio (at ver- 

tex) 0.56; face not forming “snout,” ventral 

part only gently curved and receded, ventral 

margin not approaching ventral end of eye; 

arista shorter, only about as long as head, 
not upcurved; fronto-orbital seta trans- 

versely aligned posterior to ocellar setae, 

with additional reclinate setula at midheight 

of frons; buccal and genal setae present but 

indistinguishable from numerous “‘peristo- 

mal’’ and other genal setae: all cephalic setae 

dark brown to blackish; head almost en- 

tirely yellow to orange, subshiny to shiny. 

Thorax (Fig. 9): Scutum about 1.2 times 
wider than long; all setae blackish; two dor- 

socentral setae; anterior dorsocentral setae 

transversely aligned midway between pos- 

terior notopleural setae and scutoscutellar 

suture; long katepisternal seta accompanied 

by several shorter dark setae; katepisternum 

otherwise densely covered by fine, yellowish 

setulae; the 2 scutellar setae are subequal, 

the basal semi-erect, the apical erect; scu- 

tum with uniseriate dorsocentral row of 

setulae, biseriate acrostichal setulae and 

multiseriate intra-alar (perhaps the supra- 

alar) setulae; thorax predominantly dark 

brown to blackish, with pleura becoming 

paler ventrad and posterior margin of scu- 

tellum yellow; scutum and scutellum with 

dense grayish microtomentum, barely shiny; 

pleura subshiny with lighter microtomen- 

tum. 
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Legs: Femora and tibiae, except extrem- 

ities, brown to blackish, remaining parts 

yellow, but forefemur more yellowish brown: 
setae brown, midtibial spur black. 

Wing (Fig. 12): Almost uniformly brown, 

although basally and posteriorly somewhat 

lighter, without distinct dark spot from 

pterostigma to crossvein r-m; wing length: 

2.5 mm; halter with blackish knob and yel- 

low stem. 

Abdomen: Similar to Jongarista, but 
slightly darker, with darker setulae. 

Male terminalia not studied. 

Female unknown. 

Etymology.— This species is named for its 
size, which is the greatest in the family. 

Material examined.— Holotype 6, MAD- 

AGASCAR Nforth]: Ambohitra, 800m, 

Joffreville, 9-12.1V.1991, A. FREIDBERG 
& FINI KAPLAN. The holotype is double 

mounted on minute nadel and plastic block, 

is in excellent condition and is deposited in 

the Zoological Museum of Tel Aviv Uni- 
versity. 

Biology.— The holotype, which is the only 

known specimen, was collected by general 

sweeping of diverse vegetation in the un- 

derstory of a forest. No Ravenala mada- 

gascariensis was detected at the site. 

DISCUSSION 

This study treats Nemul/a, a new genus 
from Madagascar, which is placed in the 
family Neminidae McAlpine. This little 

known family of acalyptrate flies (raised here 
from subfamily) formerly included only two 

genera: Nemo McAlpine, with seven species 

from Australia and Papua New Guinea, and 

Ningulus McAlpine, with one species from 

South Africa. Together with the three spe- 

cies of Nemula, described in this paper, the 

Neminidae comprise today only eleven spe- 

cies. Additional, undescribed, species are 

known to occur in Australia (Nemo) and 

Zimbabwe (Ningulus) (D. K. McAlpine, 

personal communication) and probably also 

in Madagascar. 

Despite the small size of this group it is 
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accorded here family status as it is distin- 

guished from the Aulacigastridae by at least 

18 characters. Although the number of (de- 

scribed and undescribed) known taxa 1s 1n- 

creasing in the two groups, respectively, 

these groups do not show substantial ten- 

dency for overlapping or intergradation in 

their specific combinations of characters. 

The habitus of flies of the Asteioinea (the 

superfamily containing the Aulacigastridae, 
Periscelididae etc.) and their behaviors are 

so characteristic as to render most of them 
easy to assign to family, even without op- 

tical aids in the field (e.g. McAlpine 1988, 
Freidberg 1984). D. K. McAlpine (personal 

communication) adds additional characters 

that distinguish the Neminidae from the 

Aulacigastridae but, nevertheless, is doubt- 

ful about the elevation of the former to fam- 

ily status. 

Aulacigastridae and Periscelididae have 

been considered sister groups (e.g. Mc- 

Alpine 1989), but various included genera 

have often been transferred from one family 

to another. The most “notorious” genus in 

this regard is Stenomicra Coquillett, which 

recently was accorded family status (Papp 

1984). As Nemininae is raised to family sta- 

tus, its sister group may or may not remain 

the Aulacigastridae. Likewise, the Perisceli- 

didae (including Stenomicra) may or may 

not be the sister group of the Aulacigastridae 

or Aulacigastridae + Neminidae. In any case, 
and as McAlpine (1989) has advocated, a 

thorough phylogenetic study of all genera in 

these families is needed to resolve their re- 

lationships. 

A thorough cladistic study is also needed 
to better understand the relationships with- 

in the Neminidae. At this point it would 

suffice to suggest the following: Nemo is 
probably the most generalized genus of the 

family and Ningulus the most evolved. Ne- 

mula is probably the sister group of Nemo, 

and together both form the sister group of 
Ningulus. The reasoning behind these con- 

clusions lies in the similar habitus of Nemo 

and Nemula, whereas Ningulus, with its 
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prolonged head, has apparently passed a 

more conspicuous step in evolution. It 

should be remembered, however, that cer- 

tain wing venational characters, which are 

synapomorphies of the species of Nemula, 

are also remarkable, although perhaps less 

conspicuous than the head shape of Nin- 

gulus. One of these characters, the prolon- 

gation of vein R, especially between the hu- 

meral crossvein and the first furcation of R 

(furcation between R, and remaining 

branches of R) is similar to some Nema- 

tocera and ‘“‘Orthorrhaphous” Brachycera 

but is exceptional and may even be unique 

in the Muscomorpha. If we examine the 

above-mentioned hypothesis against the 
known distribution of the Neminidae, it ap- 

pears that this group has originated in the 

Australasian region, with Nemo or Nemo- 

like ancestor, and has spread westwards, 

leaving an offshoot (Nemula) in Madagas- 
car, and culminating in Ningulus on the 

southern part of mainland Africa. 

Finally, while reviewing a manuscript of 
this paper, Dr D. K. McAlpine kindly in- 

formed me about several undescribed Ne- 
minidae in his possession and their char- 

acters. These include a species of Ningulus, 
with only 2 pairs of scutellar setae and 
slightly different wing venation than in the 

described species, and several Nemo species 
with only one (apparently the outer) vertical 

seta. These findings might eventually affect 

the classification of the family. However, 

not having studied these taxa myself, I re- 

frain from incorporating all these data into 

this study (these two extraordinary char- 

acters are merely mentioned above in the 

key to genera). This will be better done, 

pending descriptions of these taxa. 
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Abstract.—The Sterphus cybele species group is revised and four new species are de- 

scribed: janzeni Thompson (Costa Rica & Panama); calypso Hippa (Bolivia); cydippe 

Hippa (Columbia); and venezuelaensis Thompson (Venezuela). The phylogenetic rela- 

tionships among these are venezuelaensis + ((cybele + janzeni) + (calypso + cydippe)). 

A new key to the species of Sterphus is given. 

Key Words: Neotropics, key 

Flower flies of the genus Sterphus are 

found throughout the New World tropics. 

They breed in dead wood, aiding in the nu- 

trient recycling, and are pollinators. Due to 

their diverse life cycle, the group 1s a good 

indicator of the health of tropical forests. 

The relationships among a group of species 

of Sterphus are here documented and four 

species previously unknown to science are 

described. This information, along with the 
included identification key, will be useful to 
scientists studying flies, and to action agen- 

cy personnel charged with identifying flies. 
Sterphus Philippi was revised by Thomp- 

son (1973). At that time, he was uncertain 

as to the placement of the species S. cvbele 
Hull as that species was known from only 

two females. Hippa (1978) revised the tribe 

Xylotini, intrageneric classification of Ster- 

phus, and described 8 new species of Ster- 

phus. Since our work, males of new species 

closely related to S. cybele have been dis- 
covered. The characters of these species 

confirm our placement of S. cybele in Ster- 
phus. Sterphus cybele and related species are 
here revised. A new key to all species of 

Sterphus is given. The classification of Ster- 

phus used here is that of the senior author 

(Hippa 1978). This usage should not be con- 

strued as a change in view of the junior 

author (Thompson 1973). 

Sterphus cybele species group 

Description.—Head: Face tricarinate, 
practically straight in profile; basoflagello- 

mere elongate, not more than twice as long 

as broad, with lateral sensory pit on mesial 

surface sexually dimorphic, being more dor- 

soapical and circular in female and more 

basoventral and elongate in male; male hol- 

optic; frontal triangle bare except rarely with 

a few marginal hairs, shiny anteriorly, pol- 

linose posteriorly; front with broad polli- 

nose fascia divided into differently reflec- 

tive areas. 
Thorax: Mesonotum dull due to both 

shagreening and pollinosity, with pollinose 

pattern composed of posteriorly furcate me- 

dial vitta and postsutural submedial vittae, 

without pollinose transverse sutural fasciae, 
with long appressed pale pile laterally; with- 

out strong spinose hairs above wing base; 

metasternum well developed, pilose; scu- 

tellum with apical marginal sulcus, without 
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strong marginal hairs or bristles, with well- 

developed subscutellar fringe. Legs: Hind 

trochanter simple or at most with small tu- 

bercle, without a distinct spur; hind femur 

moderately thickened, ventrally with ante- 
rior and posterior rows of spinose hairs, in 

male with a basal patch of black setulae; 

hind tibia with well-developed basoventral 

median carina although apical end not 

strongly raised, with erect ventral hairs, with 

both apicoventral corners produced, with 

apical patch of pale pile on posterior sur- 

face; front and middle tibiae yellow. Wing: 
Slightly to moderately darkened, without 

conspicuous color pattern; without stig- 

matic crossveins. 

Abdomen: Parallel-sided, dark, with 

shiny areas laterally and dull areas medially 

on each tergum, without conspicuous pilose 

pattern. 

Geographic distribution. —Species of the 

S. cybele group are found only in the Neo- 
tropical Region, and range from Costa Rica 

to Peru. 

Phylogenetic relationships.—The S. cy- 

bele species group is distinguished within 

Sterphus by the pilose metasternum (aut- 

apomorphy). The group has retained the 

following plesiomorphic character states (the 

corresponding apomorphic states are in pa- 

rentheses) of Sterphus as a whole (ground- 

plan; Macrometopia, the probable sister to 

Sterphus (Thompson 1975), used as an out- 
group): 1) pollinose, pale face (largely dark 

and shiny face with only oblique lateral pol- 

linose vittae overlying the paler integument 

color); 2) short basoflagellomere (elongate 

basoflagellomere); 3) simple base for tho- 
racic pile (tuberculate base for pile); 4) hind 

trochanter spur absent (developed); 5) un- 

modified abdomen (petiolate abdomen); and 

6) unmodified hind femur (incrassate hind 
femur). The group has the following im- 

portant apomorphic character states (re- 

spective plesiomorphic states in parenthe- 

ses): 7) strongly developed metasternum 

(weakly developed metasternum); 8) both 
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retro- and prolateral apicoventral spur on 

hind tibia (only retrolateral spur); 9) pilose 

metasternum (bare metasternum); and 10) 

long pro- and retrolateral spine rows on hind 

femur (hind femur only with subapical spine 

rows). Of these character states, 9 defines 

the group. Other apparent synapomorphies 

are 11) the sexually dimorphic antenna in 

which the sensory pit on the inner lateral 
side of the basoflagellomere is slit-like in 

the male and normal (oval) in the female 

and 12) the male hind femur with a subbasal 

prolateral patch of black setulae. The im- 

portance of the last character (12) is uncer- 

tain as males are not known for many spe- 

cies of Sterphus. 

Characters 2, 3, and 6 exclude the deri- 
vation of the S. cyvbele group from within 
Sterphus (Crepidomyia); 2, 5 and 6 from 

Sterphus (Tatuomyia); and 6 from Sterphus 

(Telus). Characters 7 and 8 may demon- 

strate the common origin of the S. cybele 
group with Crepidomyia, Tatuomyia and 

Telus, and exclude it from belonging within 

Sterphus (Sterphus). Hence, we suspect the 

S. cybele group to be an early derivative of 

the clade leading to Crepidomyia, Tatu- 

omyia and Telus. As there is still consid- 

erable uncertainty regarding the monophyly 

of the Sterphus complex (Hippa 1978), the 

final status of the cybele group cannot be 
resolved here. 

The relationships and cladogenesis in the 

S. cybele group are easily traced (Fig. 26). 

The probable outgroup for S. cybele group 
is the S. chloropygus group (see Thompson 

1973). S. venezuelaensis derived first: it re- 

tained a dark face with oblique pollinose 

stripes, the short basoflagellomere, the hind 
trochanteral spur and largely dark front and 

middle femora. S. cybele and S. janzeni are 

the second derivatives; they developed an 

almost completely yellow and almost com- 

pletely pollinose face, elongate oval baso- 
flagellomere 3, lost the hind trochanteral 

spur and developed the totally pale anterior 

and middle femora. S. calypso and S. cy- 
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dippe are the last derivatives; they further 

developed a totally yellow and pollinose face 

and elongate rectangular basoflagellomere. 

Sterphus calypso Hippa, 

NEw SPECIES 

Diagnosis.—A moderately slender spe- 

cies with pale face, yellow gena and yellow 

anterior and middle legs. 

Description. — Male: 
wing length 14 mm. 

Differs from the description of S. cydippe 

as follows: Gena anteriorly to the level of 

facial grooves shining yellowish orange; ba- 

soflagellomere missing; frontal triangle with 

distinct hair rows along eye margins; post- 
ocellar orbits only dorsolaterally with few 

tiny black bristles; scutellum on disc pale 
pilose but mixed with few longer black hairs; 

a short narrow bare stripe at base of 2nd 

basal cell; halter orange; front and middle 

trochanter yellow, hind trochanter pale 

brown; hind femur and tibia structure (Fig. 
1); hind femur except about basal fifth and 

actual apex brown, the shifting from yellow 

to brown very gradual; hind tibia basally 

with only a few pale hairs; hind tarsus with 

3 basal segments brownish; abdomen (Figs. 

21, 25); all sterna dark to blackish brown 

except sternum 2 on apical halfand sternum 

3 on basal half obscurely paler brown; pos- 

terior part of sternum 4 with black hairs; 

genitalia (Figs. 10, 19). 
Female: Length 17 mm, wing length 15 

mm. 
Like male except for usual sexual dimor- 

phism and: antenna (Fig. 12) with basofla- 

gellomere brown, arista paler brown; frons 

with a broad brownish pollinose transverse 

band and + coinciding band of short pale 

and few mixed dark hairs; dorsal part of 

postocellar orbits with mixed pale and black 

hairs; pale thoracic hairs golden yellow; wing 

orange gray; bare stripe on 2nd basal cell 

very small and inconspicuous; front and 

middle coxae yellowish, hind coxa yellow- 

ish brown, ventrally brown; hind trochanter 

orange brown, hind femur orange brown but 

Length 16 mm, 

485 

apical third especially dorsally darker; basal 

third of hind tibia pale yellowish brown, 
mostly pale haired; hind tarsus wholly yel- 

low; abdomen (Fig. 25) with shining areas 

of terga 2 and 3 with strong violet reflec- 

tions, with very obscure paler underlying 

coloration; the pale lateral hairs on terga 2 

and 3 partly depressed, appearing as pale 

oblique spots to naked eye; tergum 5 dark, 
shining, black pilose except yellow pilose 

anterolaterally; posterior margin of sternum 
1, sternum 2 and sternum 3 except the pos- 

terior margin brown; basal two thirds of 

sternum 5 shining black, apical part brown 

and paler pollinose, hairs black except ba- 

solaterally pale. 

Holotype ¢.—BOLIVIA, 1000 m, Yun- 

gas, J. I. P, deposited in Senkenbergische 

Museum, Frankfurt. 

Paratype ?.—BOLIVIA, Coroice, 1200 m, 

Coll. Fassl (BMNH). 

Discussion. — Although the two described 

specimens differ considerably in the color- 

ation of hind leg and wing and in the shiny 

dull and pilose pattern of the abdomen, we 

consider them conspecific. 

S. calypso is very similar to S. cydippe 
from which it can be distinguished by the 

extensively yellow gena, not entirely black 

as in S. cydippe, by the thicker and more 

ventrally spinose and pilose hind femur 

(Figs. 1, 2), by darker coloration of hind 

femur; by the presence of black hairs on 

sternum 4, wholly pale pilose in S. cydippe;, 

by shape of the surstylus (in lateral view the 

basal width of the surstylus equalling the 

width at apical third, not much broader ba- 

sally as in cydippe), by structure of the apical 

part of superior lobe (this lobe not exposed, 

in cydippe exposed) and by the shape of the 

lateroventral lobes of the basal part of ae- 

deagus (with one pointed projections, not 

two as in cydippe) (Figs. 17, 19). 
Also, S. cybele is closely similar to both 

S. cydippe and calypso, but is distinguished 

from them by the dorsomedially darkened 

face and ovate, not rectangular basoflagel- 
lomere (Figs. 12, 14); and from S. cydippe 
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Figs. 1-6. Hind femur, lateral view. 1, 8. calypso Hippa, male. 2, S. calypso Hippa, female. 3, S. venezuelaensis 

Thompson, male. 4, S. cvdippe Hippa, male. 5, S. janzeni Thompson, female. 6, S. cybele Hull, female. 

also by having black hairs on sternum 4 and 
from S. calypso by black gena. 

Sterphus cybele Hull 

Crepidomyia cybele Hull, 1951: 184. 

Sterphus cybele: Thompson, 1973: 216. 

Material studied.—PERU, Chancha- 
mayo, Jan. 20, 1949, J. Schunk (holotype 

2, CNC). COLOMBIA, Monteredondo, 

Cundinamarca, 19 Jan. 1951 (1 2, CU). 

Discussion. —S. cybele, of which only the 
female sex is known, was fully described by 
Hull (1951) and Thompson (1973). Only 

one correction is necessary: the face is not 

actually wholly pale, but distinctly dorso- 
medially darkened. For antenna and hind 

femur and tibia, see Figs. 14 and 6, respec- 

tively. 
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Figs. 7-10. Male genitalia, lateral view. 7, S. cydippe Hippa. 8, S. venezuelaensis Thompson. 9, S. Janzeni 
Thompson. 10, S. calypso Hippa. 
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o/s Wig 

12 13 is 

Figs. 11-19. Features, lateral view. 1 1-15. Antenna. 11, S. cydippe Hippa, male. 12, S. calypso Hippa, female. 

13, S. janzeni Thompson, female. 14, S. cybele Hull, female. 15, S. venezuelaensis Thompson, male. 16-19. 

Aedeagus. 16, S. venezuelaensis Thompson. 17, S. cydippe Hippa. 18, S. janzeni Thompson. 19, S. calypso 

Hippa. 



VOLUME 96, NUMBER 3 489 

21 

Figs. 20-25. Abdomen, dorsal view. 20, S. janzeni Thompson, female. 21, S. calypso Hippa, male. 22, S. 

cydippe Hippa, male. 23, S. venezuelaensis Thompson, male. 24, S. janzeni Thompson, male. 25, S. calypso 

Hippa, female. 

Sterphus cydippe Hippa, 

NEw SPECIES 

Diagnosis.—A slender species with pale 

face, black gena, pale anterior and middle 
legs and without striking metallic abdomi- 

nal markings. 

Description. — Male: Length 14 mm, wing 
length 12 mm. 

Head: Face yellow, pale pollinose; gena 

black, anteriorly shiny, posteriorly very 

slightly pale pollinose and with a few pale 

hairs. Antenna (Fig. 11): all segments dark 

brown, arista pale brown, apically darker. 

Frontal lunule brown: frontal triangle black- 

ish brown, anterior half semishining, pos- 
terior half grayish pollinose and with only 

a few hairs along eye margins. Vertical tri- 
angle black, apically heavily pollinose, hairs 

few, dark brown. Postocellar orbits black, 
dorsally weakly and laterally more heavily 
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Fig. 26. 

white = plesiomorphic, black = apomorphic, and gray 

direction of character state transition; numbers at the nodes indicate the characters that define the clades): 1, 

metasternum bare — pilose; 2, face dark — orange; 3, face partially shiny — entirely pollinose; 4, basoflagellomere 

short — elongate oval — elongate rectangular; 5, fore and mid femora extensively dark — extensively pale. 

pale pollinose, pale pilose except dorsally 

mixed with stronger black bristles. 

Thorax: Mesonotum black, grayish 

brown pollinose, with a longitudinal me- 

dian posteriorly bifurcate paler grayish pol- 

linose stripe extending from anterior mar- 

gin to about posterior fourth and with more 

indistinct postsutural midlateral pale pol- 

linose stripes; hairs at anterior margin, me- 

dially on anterior half and laterally yellow- 

Phylogeny of the Sterphus cybele species group. Characters with states (plesiomorphic to apomorphic; 

= intermediate state in a morphocline;, arrows show 

ish white, otherwise black. Scutellum 

blackish, semishining, pale grayish haired 

(hairs worn off disk) except with few long 

dark hairs at margin; subscutellar fringe 

grayish. Pleurae, including metasternum, 
blackish with partly paler sutures, slightly 

pale pollinose, yellowish white pilose; spira- 

cles pale brown. Wing slightly smoky, stig- 

ma pale brown; microtrichose except nar- 

rowly bare posteriorly along the basal half 
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of vein | A. Calypter whitish, with slightly 

darker border and fringe. Halter yellowish 

white. Coxae blackish brown to black, tro- 

chanter brown, hind trochanter with a slight 

indication of a tubercle, all pale haired. Hind 

femur and tibia (Fig. 4). All femora, front 

and middle tibiae and tarsi yellow to orange 

yellow, hind tibia brown with slightly paler 

basal part and apex, hind tarsus yellow ex- 

cept metatarsus darker brownish, hairs of 

all yellowish except a dorsal retrolateral 

stripe on apical 73 and broad apicodorsal 

part of hind femur and whole of hind tibia 

except the prolateral basal third and a small- 

er prolateral and larger retrolateral apical 

patch with black hair. 

Abdomen (Fig. 22): Tergum 1 shining 

black except an anterior median dull black- 

ish brown patch, terga 2 and 3 dull blackish 

brown with paler brown shining lateral 

patches, tergum 4 shining brown with a me- 
dian Y-shaped dull patch (the shining-dull 

pattern marked with broken lines in Fig. 

22); hairs on tergum 1, at antericr margin 

of tergum 2, on shining areas of terga 2-4, 

except the posterior part of tergum 4, pale, 

otherwise black. Sternum | shining blackish 

brown except laterally gray pollinose, ster- 

num 2 shining pale brown, sternum 3 shin- 

ing with anterior third pale brown, posterior 

two thirds dark brown, sternum 4 shining 

except slight posterolateral pollinosity, 

brown, all with pale hairs. 

Genitalia (Figs. 7, 17). 
Female: Unknown. 

Holotype ¢.—COLOMBIA, West. Cord., 

Monte Socorro, 3800 m, Coll. Fassl, de- 

posited in the British Museum (Natural 

History), London. 

Discussion.— For discussion, see under S. 

calypso. 

Sterphus janzeni Thompson, 
NEw SPECIES 

Diagnosis.—A moderately slender spe- 

cies with dorsomedially darkened pale face, 

black gena, yellow front and middle legs, 
and black pilose hind tarsus. 
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Description. — Male: Length 14 mm, wing, 

12 mm. 

Head: Face yellow except narrowly dark 
brown dorsally, with pale pollen; gena 

blackish, shiny anteriorly, with sparse pale 

pollen and pile posteriorly; frontal lunule 

brown; frontal triangle blackish brown, an- 

terior 3 shiny, posterior 7 grayish polli- 

nose, with only a few pale hairs along eye 

margins; vertical triangle black, anteriorly 

densely pollinose, dark brown pilose; occi- 

put black, with dense pale pollen ventrally 

but becoming sparser dorsally, with pale pile 

except with a few intermixed black hairs 

dorsally; antenna dark brown except pale 

brown basoventrally on basoflagellomere, 

with basoflagellomere about 1'4 times as 

long as wide; antenna same shape as female, 

but with sensory pit more elongate and ba- 

soventral as in cydippe (Fig. 11); arista pale 

brown, apically darker. 

Thorax: Mesonotum black, with brown 

pollen, with a narrow medial pollinose vitta 

pale gray and extending from anterior mar- 

gin to posterior %4, with postsutural sub- 

medial vittae indistinct and pale brownish, 

generally with black pile, with yellow pile 

narrowly on anterior margin and medial vit- 

ta, with long appressed yellow pile laterally; 

scutellum black, shiny, with erect yellow pile 

with a few longer dark hairs, with subscu- 

tellar fringe grayish yellow; pleura dark 

brown to black, with sutures paler, with 

sparse pale pollen, with pile yellow to yel- 

lowish white; anterior spiracular fringe 

brown; posterior spiracular fringe pale 

brown; metasternum black, with yellow pile; 

calypter whitish with darker yellow to 

brownish margin and fringe; halter orange 

to yellow. Legs: Front and middle coxae 

brown to black, gray pollinose, pale pilose; 

front and middle trochanters brown, with 

pale pile; hind coxa black, with pale pile; 

hind trochanter blackish brown, apically 

paler, with pale pile; front and middle fem- 

ora, tibiae and tarsis yellow, with pale pile; 

hind femur as in cydippe (Fig. 4) reddish 
brown, with pale pile except for dark pile 
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on apex and apicodorsal 3, with ventral spi- 

nose pile black; hind tibia dark blackish 

brown, with dark pile except for pale pile 

apicoposterolaterally; hind tarsus blackish 

brown, with dark pile. Wing: Slightly gray- 

ish brown, with stigma pale brown, micro- 

trichose except bare as follows: anterobasal 

'’» of 2nd basal cell, posterobasal '2 of anal 

cell. 

Abdomen (Fig. 20): 1st tergum shiny 

black, with anteromedial areas dull; 2nd 

through 4th tergum dull black brown on 

medial pollinose areas, with lateral shiny 

areas on 2nd and 3rd terga dark brownish 

orange and on 4th tergum brownish black; 

genitalic segments black, shiny, black pi- 

lose; dorsal pile dark and depressed on dull 

areas, pale and erect on shiny areas; Ist, 3rd 

and 4th sterna dark brown, shiny except dull 

pollinose on laterally on 1st and apically on 

3rd and 4th, with pale pile except for a few 

intermixed dark hairs on 4th; 2nd sternum 

pale brown, shiny, with pale pile. 
Female: Like male except for usual sexual 

dimorphism and: face yellow, with dorso- 

medial brown area triangular; front shiny 
black except for broad transverse pollinose 

fascia, with fascia gray anteriorly and 

brownish posteriorly, with pale pile ante- 

riorly becoming gradually darker posteri- 
orly; vertex shiny black, with dark pile; hind 

femur (Fig. 5); abdomen with lateral shiny 

areas slightly steel blue. 

Holotype 6.—COSTA RICA, Puntarenas 

Prov., Monteverde, 1400 m, 30 IV 1989, 
P. Hanson, Malaise Trap, deposited in In- 

stituto Nacional de Biodiversidad, San José. 

Paratypes.—COSTA RICA, Cariblanco, 

25 March 1916, Janson (1 2, BMNH); San 

José Prov., P. N. Braulio Carrillo, 9 km NE 
Tunnel, 1100 m, 15 IV 1989, P. Hanson (1 

2 UCR); Guanacaste Prov., Estac. Pitilla, 9 

km south Santa Cecillia, UTM 330200 

380200, May 1989, GNP Biodiversity Sur- 

vey, INBIOCRI000008935 (1 4, INBIO); 
Guancaste Prov., Lado suroeste del Volcan 

Cacao, Est. Cacao, 1000-1400 m, LN 

323300 375700, June 1990, II Curso Para- 

taxon. INBIOCRI0000248098, INBIO- 
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CRI000247969 (2 2, INBIO, USNM), 21- 
29 May 1992, M. A. Zumbado INBIOCRI- 

000410973 (1 4, INBIO); Guancaste Prov., 
Derrumbe, Est. Cacao, lado oeste del Vol- 

can Cacao, 1400 m, LN 323700 376700, 
21-29 May 1992, III Curso Parataxonom. 

INBIOCRI000409775-409778 (4 4, IN- 
BIO); San José Prov., Zurqui de Moravia, 

1600 m, IV 1991, P. Hanson (1 2, UCR); 

San José Prov., San Gerado de Dota, near 

Finca Zacatles, 26 Feb 92, F. C. Thompson 

(1 4, 1 2 USNM); Puntarenass Prov., Coto 

Brus, Est. Biol. Las Alturas, 1500 m, LS 

3222500 591300, Ene 1992, M. Zumbado 
INBIOCRI000401865 (1 6, INBIO); Pun- 
tarenas Prov., Golfo Dulce, 3 km SW Rin- 

con, 10 m, III 1991, P. Hanson (1 2, USNM); 

PANAMA, Chiriqui Province, 2 km west 

of Cerro Punta, 1700 m, 19 May to 8 June 
1977, Peck and Howden (1 2, CNC). 

Discussion. —S. janzeni is closely similar 

to S. cybele, but the two species can be dis- 

tinguished by the following characters: in S. 

cybele the wings are distinctly orange brown 
with a rather sharply contrasting long paler 

area in the marginal cell at fork of R2 + 3- 
R4 + 5 and the 2nd basal cell is wholly 

microtrichose, in S. janzeni the wings are 

only slightly darkened grayish brown, with 

smaller and inconspicuous paler area in 

marginal cell and the basal anterior half of 

the 2nd basal cell with the microtrichia re- 

duced; the hind femur is less darkened in 

S. janzeni than in S. cybele; the hind tarsus 
is blackish brown and black haired in S. 

janzeni, hind metatarsus pale brown, other 

hind tarsal segments yellowish, all with pale 

hairs in S. cybele; the shining markings on 

terga are more metallic, with brassy and 

purple reflections and without traces of pal- 

er underlying coloration in S. cybele, less 

metallic, with slight steel blue reflections and 
especially those on terga 2 and 3 with the 

integument at them distinctly paler; ster- 

num 2 is pale brown in S. janzeni, black in 

S. cybele, all sterna are also more metallic 
in latter; sterna 3-4 are medially largely dark 

haired in S. cybele, a few distinct dark hairs 

only apicomedially on sternum 4 in S. jan- 
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zeni. S. cybele is also slightly more robust 
than S. janzeni. 

This beautiful species is dedicated to Dr. 

Daniel H. Janzen in recognition of all he 

has done to insure the survival of this spe- 
cies and a vast number of other Central 

American taxa. 

Sterphus venezuelaensis Thompson, 

NEw SPECIES 

Diagnosis.—A dark robust species with 

medially dark face, dark anterior and mid- 

dle femora and conspicuous metallic ab- 

dominal spots. 

Description. — Male: Length 17 mm, wing 
length 15 mm. 

Head: Face blackish brown on median 

carina but gradually fading to pale yellowish 
white laterally, medially shining, laterally 

with oblique pale pollinose bands; gena 

black, anteriorly shiny and bare, posteriorly 

faintly pale pollinose, pale pilose. Antenna 

(Fig. 15): all segments blackish brown, arista 

on basal half brown on apical half blackish 

brown. Frontal lunule blackish brown, fron- 

tal triangle black, anterior half shiny, pos- 
terior half gray pollinose and with a row of 

pale hairs along eye margin. Vertical tri- 

angle black, apically heavily and behind 

posterior ocelli very faintly pale pollinose, 

blackish brown pilose. Postocellar orbits 

black, dorsally very slightly paler pollinose 

and mainly with dark hairs, otherwise 
heavily pale pollinose and with pale hairs. 

Thorax: Mesonotum black, brown pol- 

linose, with paler grayish posteriorly furcate 

median vitta extending from anterior mar- 

gin to about posterior fourth, and with post- 

sutural sublateral longitudinal stripes with 

more reddish brown pollinosity when seen 

from behind; anteriorly with mixed yellow 

and black hairs, posteriorly black haired, 
the long lateral hairs yellowish, golden. Scu- 

tellum black, practically nonpollinose, more 

shiny than mesonotum, golden yellowish 

haired except mixed with a few long black 

hairs especially toward margins, subscutel- 

lar fringe yellowish. Pleurae, including 
metasternum, black with partly paler 
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brownish sutures, faintly pale pollinose ex- 

cept more heavily on posterior part of meso- 

and dorsal part of katepisternum, the hairs 

golden yellow; spiracles brown. Wing pale 

grayish brown, stigma pale orange brown; 
microtrichose except bare posteriorly along 

vein | A. Calypter whitish with darker yel- 

lowish brown border and fringe on upper 

and brownish border and fringe on lower 

lobe. Halter orange. Coxae blackish, tro- 

chanters brown to blackish, hind trochanter 

with a distinct tubercle, all pale yellowish 

haired. For hind femur and tibia, see Fig. 

3. Femora blackish, partly metallic except 

front and middle femora becoming through 

brown yellowish at about apical fourth, more 

widely prolaterally and ventrally than retro- 

laterally and dorsally, and about apical 

fourth of hind femur brownish; front and 
middle tibiae and tarsi orange yellow; hind 

legs dark brown except tibia slightly paler 

at basal third; hairs pale yellowish except 

partly apically and ventrally on anterior and 

middle femur, on apical fourth of hind fe- 

mur, on hind tibia except a distinct trian- 

gular apical retrolateral patch, and on hind 

tarsus dark. 

Abdomen (Fig. 23): Tergum 1 mostly 

shining steel-blue, terga 2 and 3 dull black- 

ish brown with conspicuous shining steel 

colored lateral patches at which the integ- 

ument appears slightly paler brown, tergum 

4 shining brown, basolaterally metallic, with 

a median Y-shaped dull blackish brown 

patch (the shining/dull pattern of terga is 

marked with broken lines in Fig. 23): hairs 

on terga black except on tergum 1, at an- 

terior margin and on shining areas of terga 

2 and 3 and anteriorly and laterally on ter- 

gum 4 pale, those on terga 3 and 4 partly 

depressed appearing as oblique pale patches 

by naked eye. Sternum | black, laterally pale 

pollinose, sternum 2 and %4 of sternum 3 

pale brown, the rest brown, all with long 

pale hairs except with a few mixed dark ones 

on apical part of sternum 4. 

Genitalia (Figs. 8, 15). 

Female: Unknown. 

Holotype 6.—VENEZUELA, Rancho 
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Grande, nr. Maracay, 26.1V.1946, depos- 

ited in the American Museum of Natural 

History, New York. Paratype, Venezuela, 
1857, Alte Sammlung (1 6, NMW). 

Discussion.—S. venezuelaensis is easily 

distinguished from the other species of the 

S. cybele group by the following characters: 

Face medially dark and with oblique lateral 

pollinose vittae, not uniformly yellow and 

pollinose; front and middle femora mostly 

dark, not yellow; hind trochanter with a dis- 

tinct tubercle, not only with an indication 

of such; characteristic shape of hind femur 

(Figs. 1-6); more strongly metallic abdom- 

inal maculae and very different genitalia. 

KEY TO THE SPECIES OF 

STERPHUS PHILIPPI 

1. Abdomen petiolate, minimal width usually 

less than 3 maximal width ............ 2 

— Abdomen not petiolate, if slightly constricted. 

then minimal width never less than ¥4 max- 

1500120 [Richens ior aOR cease RN ry st hae ps i 

2. Hind tibia with apical: SPUD Aine tera aeenty D 

— Hind tibia without apical spur ............. 3 

3. Hind leg orange except brownish coxa and 

apical 2 tarsomeres, face straight (Brazil) 

Sah Rie haes ae tinctus (Fluke) 

- Hind leg bicolored: hind coxa, trochanter, fe- 

mur and apical tarsomeres black; hind tibia 

and basitarsomere orange; face with tuber- 

culatefswellingi belows trem. t-lassiat acne. - 4 

4. Tibia unicolorous orange; wing entirely mi- 

crotrichose (Venezuela) .... incertus Thompson 

— Tibiae bicolorous, orange brown basally and 

dark brown apically; microtrichose except bare 

in front of anal vein (Colombia) .......... 

Ne). a eat iar Si Ab tes bss nitidicollis Hippa 

5. Hind tibia with 2 Apical spurs; abdominal pet- 

iole long, about 4 as long as second segment 

Ar eee 6 

- Hind tibia ih 1 Apicalls} spur; abdominal pet- 

iole short, about 4 as long as second segment 

(Panama to Brazil) .... coarctatus (Wiedemann) 

6. Anal cell bare except microtrichose apical '; 

middle leg orange (Brazil) ... . fu/vus Thompson 

— Anal cell almost completely microtrichose; 

middle leg black (Brazil) ...... batesi (Shannon) 

7. Abdomen red; wing completely dark except for 

light apical fascia (Ecuador) .... telus Thompson 

— Abdomen dark; wing hyaline or almost com- 

pletely hyaline : Pe ett yin ie: 8 

8. Metasternum pilose ee Cie set AG) 

= | Metasternumbareiaen. cis. ¢. note caine ae 9 

. Face shiny medially, pollinose laterally, most- 

ly black, never completely yellow or orange 14 

Face completely pollinose, orange, yellow or 

black-interoundicoloria -acia-mece nase ct 10 

. Gena and most of frons orange, all of frontal 
triangle of male and lower ' of frons in female 

OFAN BC ayo) eps ape ernie See sarees 11 

Gena-andifronsiblack*)-- = cence acces 21 

JWegsioranger eras aria ane Ocincie ata e revere 13 

Megsidark S28. aii eis cithienine oct crater 12 

Thoracic pile reddish brown; tibial bases red- 

dish brown (Juan Fernandez Is.) .......... 

Be ees Hays ge oie Aecag se aurifrons Shannon 

Thoracic pile white and black; tibiae com- 

pletely black (Chile) ....... coeruleus (Rondani) 

. Mesonotum entirely short yellow pilose; basal 

cells microtrichose; hind trochanter with a well 

developed broad spur; hind femur long pilose, 

with hairs longer than tibial width; 4th tergum 

entirely shiny (Columbia) ....... aureus Hippa 

Mesonotum short yellow pilose with longer 

black pile intermixed on posterior '/; basal 

cells partially bare basomedially; hind tro- 

chanter without a spur; hind femur short pi- 

lose, with hairs shorter than tibial width; 4th 

tergum dull pollinose medially (Colombia) . 

. ochripes ipoa 

: Mesonotum with foneifudinal vittae of golden 

appressed pile on posterior half ........... 115) 

Mesonotum without longitudinal vitta of 

goldeni pile; &<1;.2y.8 ravteas £.eparece Ne Cte ea 16 

. Abdomen with fasciae of golden tomentose 

pile on 3rd thru 4th (males) or 5th (female) 

terga; wing diffusely yellowish brown (Brazil) 

1 Pad. AAS oct nate etches shannoni Thompson 

Abdominal terga without apical golden pilose 

fasciae; wing with distinct diagonal brown vit- 

ta (Mexico to Brazil) ... plagiatus (Wiedemann) 

. Hind trochanter and tibia without spurs or 

PLOCESS x!) POs eye t ee ence eee 3 

Hind Goctianten nnd or nen with dasen 

SPUTS! OMIPLOCESSES iS! Ab Mater eiasiceanelee i7/ 

. Transverse suture golden pollinose; hind tibia 

without apical spur (Costa Rica to Argentina) 

lo efe Sheree tere concreteness genuinus Complex 

Transverse suture without golden pollinosity; 

hind tibia usually with long apical spur .... 18 

. Front and middle tibiae and tarsi orange (Co- 

JOM bia) epi.98 aes stirs oe ere fassli Hippa 

Front and middle ies more extensively dark, 

at least with apical tarsomeres black ...... 19 

Mesonotum with thick, opaque silvery gold 

pile on anterior and lateral margins; frontal 

triangle of male shiny black. Hind trochanter 

of male with simple spur (Venezuela) 

NOH dtr ade tenes erty ny woodorum Thompson 

Mesonotum black and yellow pilose anteri- 

orly and laterally, completely black pilose 
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24. Legs black (Bolivia) 

. Face orange . 

above wing; frontal triangle of male golden 

POllINGSGeasee ee see aaeeieeee 20 

. Basoflagellomere fant mesonotum shiny 

on disc; hind trochanter with a simple spur; 

hind tibia without a long apical spur nor ap- 

icoventral carina (Colombia to Ecuador) 

yeni: nitidicollis Hippa 

Basofldgcliomerc trapezoidal; mesonotum 

entirely dull pollinose; hind trochanter of male 

with a bilobed spur; hind tibia with a long 

apical spur and an apicoventral carina (Bo- 

livia) 

MOLE: Pneicteed tarecsiare tuicusuatsrel atau Shares agai 22 

Front and middle femora dark on Basal , 

only, orange apically (Bolivia) ...andicus Hippa 

ere ee ee 

Face dark, brown to black ....... 23 

. Mesonotum with tufts of long appressed pole: 

en hairs above wing and on postalar callus; 

scutellum partly yellow pilose; front and mid- 

dle tibiae orange brown on basal '2; femora 

extensively pale pilose (Bolivia) .. imcaruwm Hippa 

Mesonotum and scutellum entirely black pi- 

lose; tibiae black; femora black pilose (Ven- 

ezuela) . chloropygus (Schiner) 

canta stimulans Thompson 

Front and middle tibiae and tarsi orange 25 

. Terga 4 and 5 with pile similar to that of other 

terga; terga 2 and 3 more extensively shiny, 

with transverse metallic bluish maculae (Co- 

lombia) .. a . Sapphirifer Hippa 

Terga 4 and 5 with conspicuous thick opaque 

yellowish-white pile, strongly contrasting with 

that of other terga; terga 2 and 3 dull, shiny 

only narrowly laterally (Colombia) pilifer Hippa 

. Anterior 4 femora black on basal ¥4; face shiny 

medially, only with oblique pollinose lateral 

vitta, with median carina broadly darkened 

through the whole length (Venezuela) 

. venezuelaensis Thompson, n. sp. 

Anterior 4 femora yellow, face entirely pol- 

linose, entirely pale or with a triangular dor- 

somedian darkened patch not reaching the 

upper mouth edge 

27. Gena yellow anteriorly (Bolivia) 

Fees calypso Hippa, 1 Nn. sp. 

Gena entirely. black Sk are 28 

. Hind tarsus pale, with pale pile; 2nd basal cell 

MUIGTOUMICH OSGi sg yeti cee teers «ie ieilek ae 29 

Hind tarsus dark, with ack pile: 2nd basal 

cell bare on basal anterior half (Costa Rica, 

Panama) . . janzeni Thompson, n. sp. 

Sternum 4 partially black pilose; basoflagel- 

lomere ovate (Fig. 14) (Colombia, Peru) 

cybele (Hull) 
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- Sternum 4 entirely yellow pilose; basoflagel- 

lomere rectangular (Fig. 11) (Colombia) 

cydippe Hippa, n. sp. 
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A THIRD SUBAPTEROUS CRANE FLY FROM HAWAII 
(DIPTERA: TIPULIDAE)! 

GEORGE W. BYERS 

Snow Entomological Museum, Department of Entomology, University of Kansas, Law- 

rence, Kansas 66045-2119. 

Abstract. — Limonia (Dicranomyia) gloria, a flightless crane fly, is described, illustrated 

and compared with other subapterous crane flies from Hawaii and with fully winged, 

supposedly near relatives. 

Key Words: 

Most reduction in the wings in crane flies 

is seen in species that reach the adult stage 
in winter or that live under cold climatic 

conditions, such as in arctic or subarctic 
regions or in high mountains (Byers 1969). 

Even the exceptional flightless, subapterous 

species occurring on temperate or tropical 

islands have been found only near the high- 

est elevations on those islands. In Hawaii, 

two such species have been found: Limonia 

(Dicranomyia) sabroskyana Byers on the 

Wainiha Pali (1225 m) in central Kauai, and 

L. (D.) hardyana Byers on the highest peaks 

and ridges of the Koolau Range of eastern 
Oahu. Recently, a third flightless Hawatian 

crane fly has been found, at the summit of 

Mount Kaala, the highest peak on Oahu, in 

the Waianae Mountains, toward the west- 

ern side of the island. 

Limonia (Dicranomyia) gloria, 

New SPECIES 

(Figs. 1-5) 

Description based on three males and two 

females, preserved in alcohol (all but one 

' Contribution no. 3111 from Snow Entomological 

Museum, Department of Entomology, University of 

Kansas, Lawrence, Kansas 66045-2119. 

Limonia, flightless, Tipulidae, Limoniinae, Hawaii 

male partially cleared by preservative or by 
chemical maceration). 

General appearance, especially of males, 

phalangid-like because of the extremely re- 

duced wings, short body and very long, slen- 

der legs; strong sexual dimorphism in length 

of legs, those of males nearly three times as 

long as those of females. 
Body length, excluding antennae: male, 

4.14.7 mm (holotype 4.7 mm); female, 3.3- 

3.9 mm (allotype 3.3 mm). 

Head: Eyes somewhat reduced, with ap- 

proximately 100 ommatidia in male and 90 

in female, widely separated at vertex by more 

than width of eye in frontal aspect. Dorsum 

of head slightly darker brown than thoracic 

dorsum, with about 20 sparsely-distributed, 

forwardly-curved setae on vertex. Head be- 

hind eyes only about as long as width of eye 
in lateral aspect; 2 or 3 short setae on gena 

behind each eye. Rostrum short, including 

labellar lobes only about as long as scape 

and pedicel together. Antennae with cylin- 
drical scape, ovoid pedicel and 12 monili- 

form flagellomeres. Antennal length, male, 
0.85-0.95 mm (holotype 0.85 mm), female 

0.80 mm. 
Thorax: Dorsum brown, pleural sclerites 

and coxae paler brown. Antepronotum 

elongate medially, narrowed at sides, nearly 
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Figs. 1-5. 
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5 
Limonia (Dicranomyia) gloria. 1, right basistyle, dististyles and adjacent terga, male, dorsal aspect; 

9t—ninth abdominal tergum, 10t—tenth tergum (proctiger). 2, left basistyle and ventral dististyle and adjacent 

structures, male, ventral aspect; aed—aedeagus, bs—basistyle, 9s—ninth sternum. 3, right wing, male, dorsal 

aspect. 4, terminal abdominal segments, female, left lateral aspect; cr—cercus, hy—hypovalve, 9s—nuinth ster- 

num, 9t—ninth tergum, 10s—tenth sternum, 10t—tenth tergum. 5, haltere, male, left lateral aspect. Scale, all 

figures. 

perpendicular to dorsal surface of scutum, 
thus head and neck inclined downward; lon- 

gest setae of antepronotum near anterior and 

posterior margins. Postpronotum extremely 

short, transverse. Cervical sclerites long, 

slender, with short projection at angular 

bend slightly behind mid-length. Scutum- 

prescutum with setae shorter than those on 

pronotum, most in two poorly-defined lon- 

gitudinal rows; three setae on each slightly 

elevated scutal area beside wing base. Scu- 
tellum and mesonotal postnotum with 

sparse marginal setae. Wings rudimentary 

(Fig. 3), about 3.5 times as long as their 

greatest width, with short setae along costal 

margin and without any distinct venation. 

Halteres (Fig. 5) short, with only slightly 

enlarged capitulum (somewhat pointed api- 

cally in some individuals) and thick, wrin- 

kled pedicel. Legs strongly dimorphic in 
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Table 1. Comparison of length of legs and tarsi in 

males and females of Limonia (Dicranomyia) gloria. 

Measurements are means, where appropriate, of at- 

tached legs only (many legs missing from specimens 

or present with specimens but broken off). 

Fore Leg Middle Leg Hind Leg 

Male 

Femur 4.4mm 4.3 mm 4.0 mm 

Tibia 5.4 4.8 53 

Tarsus 5.8 5.3. 5.3 

Total 15.6 mm 14.4 mm 14.6 mm 

Female 

Femur 1.8 2.1 1.9 

Tibia 1.9 2.4 1.9 

Tarsus 1.8 Dal le 

Total 5.5 mm 6.6 mm 5.5 mm 

length, those of males nearly three times as 

long as those of females (Table 1); in males, 

forelegs longest, in females middle legs lon- 

gest. Basitarsi in males about 1.5 times 
length of tarsomeres 2-5 combined. All cox- 

ae approximately of equal size. Femora of 

only slightly greater diameter at apex than 

at base, uniform in color, without dense 

hairs. 

Abdomen of male: Terga and sterna 
evenly light brown to brown, with hairs 

mainly along lateral and posterior margins; 

pleura darker brown to grayish brown 

(darker than sclerites even in cleared spec- 

imens). Tergum 9 bilobed (Fig. 1), apices of 

lobes darkened; low, pigmented ridges from 

apex of each lobe converging to form 
V-shaped separation between lobes; non- 

pigmented ridges extending from apices of 

lobes onto dorsal surface of semimembran- 

ous tergum 10 (base of anal segment). Ven- 

tromesal lobe of basistyle (Fig. 2) only about 

as long as its width at base, rounded at apex. 

Dorsal dististyle (Fig. 1) not strongly curved 

until near attenuate tip. Ventral dististyle 

thick at base, narrowly rounded at apex, its 

rostrum short, stout, with single subtermi- 

nal spine borne on low basal tubercle; spine 

of medium length for subgenus, not darkly 

sclerotized. Aedeagus nearly straight, curved 
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slightly ventrad near apex. Gonapophyses 

slender, rod-like, with upturned tips. 

Abdomen of female: Color presumably 

as in male (both females cleared). Cerci (Fig. 

4) light amber-brown except more intensely 

sclerotized and nearly black near base, short, 

only slightly curved upward. Hypovalves 
light amber-brown, narrowly darker along 

lower and upper edges and blackened near 

base. Ninth sternum greatly elongated, slen- 

der, sharply tipped. Tenth sternum thick, 

deeply separated from tergum 10, truncate 

posteriorly with few elongate apical setae. 

Types: Holotype, male, “collected in a 

pitfall trap” ina bog on Mt. Kaala, elevation 

4000 ft. (about 1220 m), 18-26 May 1991, 

by W. D. Perreira; in collection of Univer- 

sity of Hawaii, Honolulu. Allotype and 1 

male, | female paratypes with same collec- 

tion data and repository as for holotype. 

One male paratype, “Mt. Kaala, summit 

bog, walking on bog floor over leaf litter,” 
12 August 1991, D. J. Preston; in Bishop 
Museum, Honolulu (BPBM Accession 

number 1992.087). 

This species is named for my wife, who 

has little interest in insects but who came 

from her home in Hawaii to live in Kansas, 

where she has patiently tolerated my ento- 

mological interest for many years. For eu- 

phony, her name is a noun in apposition 

rather than in the genitive form. 

Relationships: The most striking char- 

acteristic of Limonia (D.) gloria is the di- 

morphism in length of legs; this is not found 

in any other Hawaiian Limonia, nor have 

I seen it in any species of crane fly in which 

both sexes are brachypterous, with the ex- 

ception of Leptotarsus (Longurio) byersi 

Young and Gelhaus. In that species, how- 

ever, the dimorphism is less pronounced, 

the legs of the female being about 55-60 

percent as long as those of the male. Within 

subgenus Dicranomyia, a single rostral spine 

on the ventral dististyle 1s quite unusual and 

is seen elsewhere in the Hawaiian fauna only 

in L. (D.) hardyana. In that species, the ven- 

tral dististyle is in other details unlike that 



VOLUME 96, NUMBER 3 

in L. gloria, particularly in having an evenly 

rounded apex and a long, slender rostrum 

with a curved, slender spine. The short, 

thick-stemmed halteres are another unique 

feature of L. gloria. In the rounded apex of 
the ventromesal lobe of the basistyle and 

the short ventral dististyle with short, thick 

rostrum, L. gloria most closely resembles 

L. (D.) jacobus Alexander, among the Ha- 

waiian Dicranomyias (cf. Hardy 1960, figs. 

7a—c). That species, however, is fully winged, 
has the posterior margin of tergum 9 in the 
male entire (without lobes separated by a 

median notch), and has two very short ros- 

tral spines arising near mid-length of the 

rostrum of the ventral dististyle, etc. In the 

female, the prolongation of the ninth ab- 

dominal sternum is unusual but does occur 

in some other Limonias. The thick sternum 

10 attached only basally 1s something I have 

not noticed in other species of the genus. 

Some characteristics of L. gloria men- 
tioned in the description but not usually 

accorded taxonomic significance are includ- 
ed because they differ from their equivalents 

in the other two known brachypterous Ha- 

waiian species. Examples are shape of cer- 

vical sclerites, relative sizes of coxae, and 

approximate numbers of ommatidia in the 

compound eyes. 

I have described and discussed elsewhere 

some structural modifications of the thorax 
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in the brachypterous, montane species of 

Limonia in Hawaii (Byers 1985). It should 

be noted that in L. gloria the scutum is wid- 
er, particularly toward its posterior end, than 

that of L. hardyana (cf. Byers 1985, fig. 1). 

Thus the rudimentary wings are farther apart 

and have a less dorsal position on the tho- 
rax. 
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Abstract.—Three new genera and six new species from New Guinea are described in 

the tribe Colpurini (Coreidae). Habitus illustrations and drawings of the male and female 

genitalia, as well as head and pronotum are provided. 

Key Words: 

Guinea 

The tribe Colpurini morphologically is a 

very strange group. The condition of the 

female abdominal sternite VII can be sep- 

arated into two types: with plica and fissura 
and the second entirely without plica or fis- 

sura. It is to the latter group that the three 

genera here proposed belong. 

A closer inspection of important mor- 

phological characters in the material at our 

disposal indicates that the generic limits are 

much broader than previously supposed. 

Moreover, we have discovered that many 

species actually do not fit the diagnoses of 

the genera they were conventionally as- 

signed. This paper is a continuing effort to 
revise the tribe Colpurini to make identi- 

fications possible and also stimulate the 

study of their biology in a wide sense, in- 

cluding habitat choice, life cycle, diet etc. 
(Brailovsky 1990, Brailovsky, et al. 1992). 

In this paper, three new genera are erected 

for six new species collected in New Guinea. 

The following abbreviations are used for 

the institutions cited in this paper: BPBM 

(Bernice P. Bishop Museum, Honolulu, Ha- 

waii); CAS (California Academy of Sci- 

ences, San Francisco, California); UNAM 

(Instituto de Biologia, Universidad Nacio- 

nal Autonoma de México, México D.F.); 

Insecta, Heteroptera, Coreidae, Colpurini, new genera, new species, New 

QMBA (Queensland Museum, Brisbane, 

Australia); RNHL (Rijksmuseum van Na- 

turlijke Historie, Leiden, Netherlands); 

HNHM (Hungarian Natural History Mu- 

seum, Budapest). 

All measurements are given in millime- 

ters. 

Ashlockhygia Brailovsky and Ortega, 
New GENUS 

Diagnosis.—Like Sciophyrus Stal, Ash- 

lockhygia is rounded buccula, with sharp 
mesal projection, the tylus is globose and 

apically bidentate, the antenniferous tuber- 

cle unarmed, the pronotum is not bilobed, 
the humeral angles are rounded and not ex- 

posed and no plica or fissura on abdominal 

sternite VII of females. 
The two genera can be separated on the 

basis of the following combination of char- 

acters. In Ashlockhygia the pronotal calli are 
remarkably raised above the surface, each 
forming a large conical prominence (Figs. 

1, 3), the mandibular plate is unarmed, the 

scutellum wider than long and ventrally 

gonocoxa | is projected into broad medium- 

sized lobes (Figs. 4, 5). In Sciophyrus the 

calli are just weakly convex, the mandibular 
plate is usually expanded into short lateral 
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Figs. 1-5. Ashlockhygia conica. 1, Head and pronotum in lateral view. 2, Head in dorsal view. 3, Pronotum. 
Figs. 4, 5. Female genital plates. 4, Lateral view. 5, Posterior view. 
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lobe, the scutellum is longer than wide, and 

ventrally gonocoxa I is rounded or projected 

as short blunt lobes. 

Generic description. — Head: Longer than 

wide, pentagonal and dorsally slightly con- 

vex; tylus apically globose and bidentate, 

extending anteriorly to and laterally higher 

than juga; jugum unarmed, narrowed and 
shorter than tylus; antenniferous tubercle 

unarmed; side of head in front of eye un- 

armed, weakly straight; antennal segment I 

robust, thickest, slightly curved outward, 
longer than length of head, extending be- 

yond apex of head by more than half of its 

total length; segment II cylindrical and slen- 

der; segments III and IV absent; ocelli mod- 

erately elevated; preocellar pit deep; eyes 

spherical and prominent; postocular tuber- 

cle protuberant, globose; buccula rounded, 

elevated, short, not extending beyond an- 

tenniferous tubercle, with sharp middle pro- 

jection. 

Thorax. — Pronotum wider than long, tra- 

peziform, not bilobed; collar wide; frontal 

angles produced forward as small rounded 

expansion; humeral angles rounded, not ex- 

posed; calli remarkably raised on a large 
conical lobe, separated along midline by a 

short longitudinal furrow (Figs. 1, 3). An- 

terior lobe of metathoracic peritreme ele- 

vated and reniform, posterior lobe sharp, 

small. 

Legs.—Femora armed with two subdistal 

short spines and few more scattered along 
ventral surface; tibiae cylindrical, with shal- 

low sulcus. 

Scutellum.— Triangular, wider than long; 

posterior half with a shallow lateral depres- 

sion; apex curved and subacute. 

Hemelytra.— Macropterous, extending to 

posterior margin of last abdominal segment; 
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claval suture evident; costal margin emar- 

ginated, apical margin straight; membrane 

with few of the veins furcate. 

Abdomen.—Connexival segments higher 

than margin of hemelytron at rest; posterior 

angle of each connexival segment complete, 

not extending on a short spine; abdominal 

sternite with medial furrow, extending to 

posterior border of sternite V. 

Integument.— Body surface shining, with 

head, clavus and corium rather dull. Head 

ventrally, pronotum, scutellum, clavus, co- 

rium, thorax, abdominal sterna and ex- 

posed parts of genital segments moderately 

to strongly punctate; head dorsally, apical 

margin of corium, connexival segments and 

paratergite VIII and IX practically smooth. 

Head, pronotum, scutellum, claval and co- 

rial veins, thorax and abdominal sternites 

with short, decumbent silvery bristlelike se- 

tae, intermixed with erect setae scattered on 

the pronotal and scutellar disc; antennal 

segments and legs covered by long and short 

setae. 

Female genitalia.—Abdominal sternite 

VII without plica or fissura. Genital plate: 

Gonocoxa I large, enlarged dorso-ventrally; 

in caudal view closed; in lateral view with 

the external face entire, nearly straight, ven- 

trally projected into broad medium-sized 

lobes: paratergite VIII short, triangular, with 

visible spiracle; paratergite IX quadrangular 

(Figs. 4, 5). 

Male. — Unknown. 

Etymology.— Named for the late Dr. Pe- 

ter D. Ashlock, distinguished American 

hemipterist. Gender feminine. 

Type species. — Ashlockhygia conica Brai- 

lovsky and Ortega, new species, here des- 

ignated. 

— 

Figs. 6-11. Schaeferhygia araucariana. 6, Head in dorsal view. 7, Head and pronotum in lateral view. 8, 

Pronotum. Figs. 9, 10. Female genital plates. 9, Lateral view. 10, Posterior view. 11, Male genital capsule in 

posterior view. 
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Ashlockhygia conica Brailoysky and 

Ortega, NEw SPECIES 

Figs. 1-5 

Description.— Measurements: Female: 

Head length 1.92; interocular space 1.00; 
interocellar space 0.42; width across eyes 

1.72; preocular distance 1.28; length of an- 

tennal segments: I, 1.96; II, 3.12; II] and IV 

absent. Pronotum: Total length 2.28; width 

across frontal angles 1.56; width across hu- 

meral angles 4.16. Scutellum length 1.80; 

width 1.92. Total body length 11.50. 

Female.— Dorsal coloration: Head dark 

orange red with dorsal aspect of postocular 

tubercle yellow ochre; antennal segments I 

and II pale orange yellow; pronotum and 

scutellum bright red brown, with following 

areas yellow: some spots scattered on the 

pronotal disc and apex of scutellum: clavus 

and corium orange dull with punctures 
bright red brown; hemelytral membrane 

amber with veins and basal angle darker; 

connexival segments II-VIII bright orange 
red with posterior margin yellow and IX 
entirely bright orange red; abdominal seg- 

ments dark red brown. Ventral coloration: 

Head and thorax bright red brown with fol- 

lowing areas chestnut yellow: rostral seg- 

ments I to IV, acetabulae, irregular spot on 

the mesopleura and anterior lobe of meta- 

thoracic peritreme; abdominal sternites 

bright red brown on ochre yellow back- 

ground; abdominal sternites with pleural 

margin dark red except the posterior margin 
yellow; coxae bright red orange; trochanters 

and tarsi bright red orange with chestnut 

yellow reflections; femora red brown with 

two yellow rings, one basal the other one 

near the middle; tibiae alternating two yel- 

low rings with three red brown rings. 

Type material.— Holotype 2, New Guin- 

ea, Rattan Camp (1500 m), 13 February 
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1939, L. J. Toxopeus (Neth. Ind. American 

New Guinea Expedition) (RNHL). 

Etymology.— Named for the conical pro- 

jection of the pronotal calli. 

Distribution. — Known only from the type 
locality, New Guinea. 

Ballhygia Brailovsky and Ortega, 

New GENUS 

Diagnosis.—Like Ashlockhygia, this ge- 

nus is closely related to Sciophyrus Stal. Bal- 

lhygia possesses some generalized features 
with these two genera such as abdominal 

sternite VII of female without plica or fis- 

sura, eyes spherical and protuberant, post- 

ocular tubercle protruding, frontal angles 

produced as short rounded projections and 

gonocoxa I enlarged dorso-ventrally. Bal- 

lhygia are recognized by the pronotum 

clearly bilobed, calli prominently or mod- 

erately globose and raised above the surface, 

posterior margin of the genital capsule of 
male without a small or deep “U” or “V” 

concavity enclosing by lateral arms (Figs. 

12-19) and the gonocoxa I in caudal view 

always opened, not reaching midline of body 

and in lateral view the upper margin strong- 

ly convex to emarginate and the lower mar- 

gin concave and slender (Figs. 20-23). In 

Sciophyrus the pronotum is slightly or not 

bilobed, with the calli not raised above the 

surface and the gonocoxa I 1n caudal view 

closed or opened and in lateral view entire 

and feebly convex or with upper margin 

broad, convex and remarkably protrudent 

and the lower margin slender. In Ashlockhy- 

gia the pronotum is not bilobed, with the 

calli remarkably raised on a large conical 

lobe (Fig. 3) and the gonocoxa I in caudal 
view closed and in lateral view entire, nearly 

straight and ventrally projected into broad 

medium-sized lobes (Figs. 4, 5). 

— 

Figs. 12-19. Male genital capsule of Bal/hygia spp. Figs. 12, 13. B. globicolla. 12, Lateral view. 13, Posterior 

view. Figs. 14, 15. B. quadrata. 14, Lateral view. 15, Posterior view. Figs. 16, 17. B. /obatula. 16, Lateral view. 

17, Posterior view. Figs. 18, 19. B. papuana. 18, Lateral view. 19, Posterior view. 
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Figs. 20-23. Female genital plates of Ballhygia spp. Figs. 20, 21. B. quadrata. 20, Lateral view. 21, Posterior 

view. Figs. 22, 23. B. lobatula. 22, Lateral view. 23, Posterior view. 

Generic description. — Head: Longer than 

wide, pentagonal and dorsally flat or slightly 

convex; tylus unarmed, apically bifurcate, 
with two small lateral teeth or spines, ex- 

tending anteriorly to and laterally higher 

than juga; jugum unarmed, narrowed and 

shorter than tylus; antenniferous tubercle 

unarmed; side of head in front of eye un- 

armed and straight; antennal segment I ro- 

bust, thickest, slightly curved outward, lon- 

ger than maximum length of head surpassing 
apex of head by more than half of its total 
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length; segments II and III cylindrical, slen- 

der; segment IV fusiform; segment II lon- 
gest, segment IV the shortest and I longer 

than III; ocelli elevated; preocellar pit deep; 

eyes spherical, protuberant; postocular tu- 

bercle protuberant, globose; buccula ele- 

vated, short, not extending beyond anten- 
niferous tubercle, with sharp middle 

projection; rostrum reaching anterior or 

middle third of abdominal sternite VI; ros- 

tral segment I cylindrical, stout, reaching 

posterior gular region or beyond the proster- 

nal border; segment II slightly curved, lat- 

erally flattened; segments III and IV cylin- 

drical, slender; rostral segment IV longest, 

segment I shortest and ITI subequal to III. 

Thorax. —Pronotum wider than long, tra- 

peziform, clearly bilobed; anterior lobe 

shorter than posterior lobe, each margin 

convexly rounded, emarginate and moder- 

ately elevated; collar wide; frontal angles 

produced forward as short rounded projec- 

tions; humeral angles rounded, not expand- 

ed; posterolateral border straight: posterior 

border slightly concave; calli prominently 
or moderately globose, separated along 

midline by a short longitudinal furrow; pos- 

terior lobe with two lateral projections near 

posterior margin. Anterior lobe of metatho- 

racic peritreme elevated and reniform, pos- 

terior lobe sharp, small. 

Legs.— Unarmed; tibiae cylindrical, with 
shallow sulcus. 

Scutellum.— Triangular, longer than wide, 
almost flat; posterior half with a shallow 

lateral depression; apex curved and acute. 

Hemelytra.— Macropterous, extending to 

the posterior margin of the last abdominal 

segment; claval suture evident; costal mar- 

gin emarginate and apical margin straight: 

membrane with a few of the veins furcate. 
Abdomen.—Connexival segments higher 

than margin of hemelytron at rest; posterior 

angle of each connexival segment not ex- 

tended into a short spine; sternite with me- 

dial furrow, extending to posterior border 

of sternite V or VI. 

Integument.—Body surface rather dull. 
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Head ventrally, pronotum, scutellum, cla- 

vus, anterior half of corium, thorax, abdom- 

inal sterna and exposed parts of genital seg- 

ments of both sexes moderately to strongly 

punctate; head dorsally, posterior half of co- 

rium, connexival segments and paratergite 

VIII and IX practically smooth. Head, pro- 

notum, scutellum, claval and corial veins, 

thorax and abdominal sternites with short, 
decumbent, silvery, bristlelike setae; anten- 

nal segments and legs with long and short 

setae. 

Male genitalia.—Genital capsule: poste- 

rior margin entire, rounded (Figs. 18, 19) 

or expanded anteriorly into 1) large inflated, 

exposed, more or less acute median projec- 

tion (Figs. 12, 13) or 2) square, exposed me- 

dian projection (Figs. 14, 15) or 3) with shal- 

low triangular median plate (Figs. 16, 17). 

The last three conditions are delimited lat- 
erally by a concave depression. 

Female genitalia. —Abdominal sternite 

VII without plica or fissura. Genital plates: 

Gonocoxa I enlarged dorsoventrally; open 

in caudal view; in lateral view the external 

face has the upper margin broad, convex 

but not protruding, lower margin slender or 

elongate, ventrally projected into small or 

large blunt lobes; paratergite VIII short, tri- 

angular, with a visible spiracle; paratergite 

IX quadrangular (Figs. 20-23). 

Etymology. — We are pleased to name this 

new genus for Dr. George E. Ball distin- 

guished Canadian coleopterist. Gender 

feminine. 
Type species. — Ballhygia globicolla Brai- 

lovsky and Ortega, new species. 

Ballhygia globicolla Brailovsky and 

Ortega, NEw SPECIES 

Figss 12-13; 25 

Description.— Measurements: Male: 

Head length 2.08; interocular space 1.04; 

interocellar space 0.52; width across eyes 

1.80; preocular distance 1.56; length of an- 

tennal segments: I, 2.12; II, 2.88; III, 1.88; 

IV, 1.56. Pronotum: Total length of anterior 

lobe 0.96; total length of posterior lobe 1.32; 
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total width of anterior lobe 2.32; total width 

of posterior lobe 3.84. Scutellar length 1.96; 
width 1.72. Total body length 12.00. 

Female: Head length 2.24; interocular 

space 1.16; interocellar space 0.64; width 

across eyes 2.00; preocular distance 1.68; 

length of antennal segments: I, 2.40; II, 3.60; 
III, 2.16; IV, 1.76. Pronotum: Total length 

of anterior lobe 1.20; total length of pos- 

terior lobe 1.60; total width of anterior lobe 
2.64; total width of posterior lobe 4.40. Scu- 

tellar length 2.08; width 1.92. Total body 

length 14.05. 

Male.—Dorsal coloration: Head, scutel- 

lum, clavus, corium and connexival seg- 

ments III to VII red brown with following 

areas yellow ochre: longitudinal band run- 

ning between eyes and ocelli, dorsal aspect 

of postocular tubercle, apex of scutellum and 

posterior margin of connexival segments III 

to VII; antennal segments I to III orange red 

and IV bright yellow with basal and apical 
third orange red; pronotum red brown with 

irregular ochre yellow reflections, calli 

darker; hemelytral membrane dirty yellow 

white with veins, basal angle and some cells 

pale brown; abdominal segments slightly 

bright pale orange. Ventral coloration: Head 

red brown, region near eyes ochre yellow; 

rostral segments mostly chestnut red brown; 

IV paler with a yellow ring on basal third; 

thorax and abdominal sternites red brown 

on ochre yellow background; genital capsule 

red brown with lateral corners yellow; an- 

terior lobe of metathoracic peritreme dirty 

yellow, the posterior lobe chestnut orange 

red; coxae and trochanters red brown with 

or without bright orange reflections; femora 
red brown with two yellow rings, one basal 

the other one near the middle line; tibiae 
alternating two yellow rings with three red 

brown rings; tarsal segment I ochre yellow 

with bright orange reflections and tarsal seg- 

ments II and III ochre yellow; abdominal 

sternites with pleural margins red brown ex- 

cept the yellow posterior third. 

Male.—Pronotum: calli moderately 

raised. Genitalia.—Genital capsule: poste- 
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rior margin protruding as a large, inflated 

and exposed conical median plate, laterally 

delimited by strong bilobate lobes (Figs. 12, 
1:3): 

Female.—Similar to male. 
Variation.—Hemelytral membrane am- 

barine with veins and basal angle pale brown; 

rostral segments I to IV uniformly chestnut 

red brown. 

Type material.— Holotype: 6, Papua New 

Guinea, Popondetta, 27 February 1966, G. 
Monteith (QMBA). Paratypes: | 2, same data 

as for holotype (QMBA). 

Notes.—This species is easily recognized 

by the large, protruding, inflated and ex- 

posed conical median plate on the postero- 

ventral edge of the male genital capsule (Figs. 

123): 
Etymology.—The name refers to the glo- 

bose appearance of the genital capsule 

viewed posteriorly. 

Distribution.— Known only from the type 

locality, New Guinea. 

Ballhygia lobatula Brailovsky and 

Ortega New SPECIES 
Figs: 16; 175,22: 23 

Description.—Measurements: Male: 

Head length 2.28; interocular space 1.04; 
interocellar space 0.52; width across eyes 

1.96; preocular distance 1.54; length of an- 

tennal segments: I, 2.44; II, 3.80; III, 2.24; 

IV, 1.80. Pronotum: Total length of anterior 

lobe 0.92; total length of posterior lobe 1.84; 

total width of anterior lobe 2.24; total width 
of posterior lobe 4.31. Scutellar length 2.20; 

width 1.80. Total body length 13.06. 

Female: Head length 2.48; interocular 
space 1.08; interocellar space 0.55; width 

across eyes 2.00; preocular distance 1.60; 

length of antennal segments: I, 2.84; II, 4.40; 
III, 2.70; IV, absent. Pronotum: Total length 

of anterior lobe 1.08; total length of pos- 

terior lobe 1.88; total width of anterior lobe 
2.56; total width of posterior lobe 4.75. Scu- 

tellar length 2.48; width 2.12. Total body 
length 15.10. 

Male. — Dorsal coloration: Head, anterior 
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lobe of pronotal disc, scutellum, clavus, co- 

rium and connexival segments III to VII 

dark-red brown with or without dark-or- 

ange reflections and with following areas 

yellow: longitudinal band running between 

eyes and ocelli, basal angles of scutellar disc, 

apex of scutellum and posterior margin of 

connexival segments III to VII; antennal 

segments I to III bright red brown and IV 

yellow with basal third and apex red brown; 
posterior lobe of pronotal disc pale red 

brown with irregular ochre yellow reflec- 

tions; hemelytral membrane dirty yellow 

white with veins, basal angle and some cells 

dark to pale brown; abdominal segments 

bright pale orange. Ventral coloration: Head 

red brown with the region adjacent to eyes 

ochre yellow; rostral segments I to III chest- 

nut red brown, IV paler; thorax and abdom- 

inal sternites red brown on an ochre yellow 

background; genital capsule red brown; an- 

terior lobe of metathoracic peritreme dirty 

yellow, the posterior lobe chestnut orange 

red; coxae red brown; anterior and middle 
trochanters chestnut orange with ochre yel- 

low reflections and posterior trochanters 

bright ochre yellow; femora red brown with 

two yellow rings, one basal, the other near 

the midline; tibiae alternating two yellow 

rings with three red brown rings; tarsi chest- 

nut red brown with orange to yellow reflec- 
tions; abdominal sternites with pleural mar- 

gins red brown except the yellow posterior 

third. 

Male.—Pronotum: calli conspicuously 

globose and raised. Genitalia. —Genital 
capsule: Posterior margin protruding as a 

relatively flat median triangular plate, lat- 

erally delimited by a concave depression and 
with blunt lateral lobes (Figs. 16, 17). 

Female.—Similar to male. 

Type material.— Holotype: 6. Papua New 

Guinea, Fly R. Olsobip (400-600 m), 26 
August 1969 J. & M. Sedlacek (BPBM). 

Paratypes: | 6, 2 2, same data as for holotype 

(BPBM & UNAM). 
Notes.—This species is easily recognized 

by the prominently pronotal calli, as well as 
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the shape of the posteroventral edge of the 

male genital capsule (Figs. 16, 17). 

Etymology.—The specific epithet of the 

species is used to refer to the protruding 

pronotal calli. 

Distribution. — Known only from the type 
locality, New Guinea. 

Ballhygia papuana Brailoysky and 

Ortega, NEw SPECIES 

Figs. 18, 19 

Description.— Measurements: Male: 

Head length 2.16; interocular space 1.00; 
interocellar space 0.51: width across eyes 

1.72; preocular distance 1.44; length of an- 

tennal segments: I, 2.20; II, 3.36; III, 2.16; 
IV, 1.60. Pronotum: Total length of anterior 

lobe 0.92; total length of posterior lobe 1.48; 
total width of anterior lobe 2.08; total width 
of posterior lobe 3.48. Scutellar length 1.76; 

width 1.60. Total body length 11.52. 

Male.—Dorsal coloration: Head red 

brown with a longitudinal band running be- 

tween eyes and ocelli and the dorsal aspect 

of postocular tubercle ochre yellow; anten- 

nal segments I to III bright red brown, IV 

yellow with basal third red brown; prono- 

tum red brown with irregular ochre yellow 

reflections and with calli darker; scutellum, 
clavus, corium and connexival segments III 

to VII dark brown, with dark-orange reflec- 

tions and with following areas ochre yellow: 

basal angle of scutellar disc, apex of scutel- 
lum and posterior margin of connexival seg- 

ments III to VII; hemelytral membrane dirty 

yellow white with veins, basal angle and 

some cells dark brown; abdominal segments 

bright pale orange. Ventral coloration: Head 

red brown with the region adjacent to eyes 

ochre yellow; rostral segments I to III chest- 
nut red brown with orange reflections, IV 

paler; thorax and abdominal sternites red 

brown on ochre yellow background: genital 

capsule red brown with lateral corners yel- 

low; anterior lobe of metathoracic peri- 

treme dirty yellow, the posterior lobe chest- 

nut orange red; coxae red brown; anterior 

trochanters chestnut red brown and middle 
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Fig. 24. Dorsal view of Schaeferhygia araucariana. 
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and posterior bright ochre yellow; femora 

red brown with two yellow rings, one basal, 
the other near the midline; tibiae alternating 

two yellow rings with three red-brown rings: 
tarsi pale chestnut orange. 

Male.—Pronotum: calli moderately 

raised. Genitalia.—Genital capsule: Poste- 

rior margin entire and rounded, not pro- 

truding (Figs. 18, 19). 
Female.— Unknown. 

Type material.— Holotype: ¢, Papua New 

Guinea, Madang Province, Sapi Forest Re- 

serve (Sapi River at confluence with Gogol 
River) (50 m), 15 March 1989, stop #89- 

26A, D. H. Kavanaugh, G. E. Ball & N. D. 

Penny (CAS). Paratype: | 6, New Guinea, 
Biro 1897, Erima Astrolabe (HNHM). 

Etymology.— Named for its occurrence in 
Papua New Guinea. 

Distribution.— Known only from the type 

locality, New Guinea. 

Ballhygia quadrata Brailovsky and 

Ortega, NEw SPECIES 

Figs. 14, 15, 20, 21 

Description.—Measurements: Male: 

Head length 2.24: interocular space 1.12; 

interocellar space 0.54; width across eyes 

1.92: preocular distance 1.52; length of an- 

tennal segments: I, 2.84; II, 4.00; II] and IV 

absent. Pronotum: Total length of anterior 

lobe 1.04; total length of posterior lobe 1.68; 

total width of anterior lobe 2.40; total width 

of posterior lobe 4.32. Scutellar length 2.36; 
width 2.00. Total body length 13.78. 

Female: Head length 2.40; interocular 

space 1.20; interocellar space 0.55; width 

across eyes 2.08; preocular distance 1.68; 
length of antennal segments: I, 2.92; II, 4.44; 

III and IV absent. Pronotum: Total length 

of anterior lobe 1.20; total length of pos- 

terior lobe 1.68: total width of anterior lobe 
2.60; total width of posterior lobe 2.84. Scu- 

tellar length 2.48; width 2.24. Total body 
length 15.42. 

Male.— Dorsal coloration: Head, scutel- 

lum, clavus, corlum and connexival seg- 

ments III to VII red brown with following 

S11 

areas yellow ochre: longitudinal band run- 

ning from the antenniferous tubercles to the 

neck, included the space between eyes and 

ocelli and dorsal aspect of postocular tu- 

bercle, apex of scutellum and posterior mar- 

gin of connexival segments III to VII; an- 

tennal segments I and II orange red 

(segments III and IV missing); pronotum 

red brown on ochre yellow background; 
hemelytral membrane dirty yellow white 

with veins and basal angle dark brown; ab- 

dominal segments bright pale orange. Ven- 

tral coloration: Head red brown with the 

region next to eyes ochre yellow; rostral seg- 

ments I to III chestnut red brown, IV some- 

what paler; thorax and abdominal sternites 

red brown on an ochre yellow background; 

genital capsule entirely red brown; anterior 

and posterior lobe of metathoracic peri- 

treme chestnut orange red; coxae red brown; 

trochanters chestnut orange red: femora red 

brown with two yellow rings, one basal, the 

other near the midline; tibiae alternating two 

yellow rings with three red brown rings; tarsi 

chestnut orange brown; abdominal sternites 
with pleural margin red brown except pos- 

terior third yellow. 

Male.—Pronotum: calli moderately 

raised. Genitalia.—Genital capsule: Poste- 

rior margin protruding on a large, inflated 

and exposed square-shape median plate, 

laterally delimited by short blunt lobes (Figs. 

14, 15). 

Female.—Similar to male. Genital plates. 

Figs. 20,21. 
Type material. — Holotype: 3, Papua New 

Guinea, Fly R. Olsobip (400-600 m), Au- 

gust 1969, J. Sedlacek (BPBM). Paratypes: 

1 6, 2 2, Papua New Guinea, Fly R. Olsobip 

(400-600 m), 26 August 1969, J. & M. Sed- 

lacek (BPBM & UNAM); | 2°, Papua New 

Guinea, N. E. Lae, Singuawa R., 147°10’E, 
6°45'S (30 m), April 1966, C. R. Wilkes 

(BPBM). 

Etymology.— Referring to the appearance 

of the genital capsule viewed posteriorly. 

Distribution.— Known only from the type 

locality, New Guinea. 



KEY TO THE KNOWN SPECIES OF 

BALLHYGIA 

Is (Males os ccagsic erage tars ty See ese 2 

— Females (of papuana not known) ........... 5 

2. Posterior margin of genital capsule irregularly 

convex for full width (Fig. 19) ......... papuana 

— Posterior margin of genital capsule with me- 

dian projection) (Figs; 133 155 17), 3.32.0... 3 

3. Median posterior projection of genital capsule 

broadly triangular or conical (Figs. 13, 17) ... 4 

— Median posterior projection of genital capsule 

subquadrate, inflated, laterally weakly concave 

(RigeglS) lie: cky ine Sterns nay cantacmmtepe ne quadrata 

4. Posterior margin of genital capsule with a rel- 

atively flat median triangular plate (Fig. 17) . . 

gas led A crdeeteeh lobatula 

— Posterior margin of genital capsule inflated and 

exposed like conical median plate (Fig. 13) 

en aban teas globicolla 

5. Pronotal calli conspicuously protruding and 

globose ... ..... lobatula 

— Pronotal calli moderately raised . 

6. Gonocoxa I in lateral view, with upper margin 

broad (Fig. 20) ........ Poy uyAtt her .quadrata 

-— Gonocoxa I in lateral view, with upper margin 

relatively Slender 4 <t..miaacenn ke ueeeen globicolla 

Schaeferhygia Brailovsky and Ortega, 

New GENUS 

Diagnosis.—Schaeferhygia is related to 

Agathyrna Stal, sharing with it the following 

characters: Gena armed with a prominent 

plate, head wider than long, antenniferous 

tubercles unarmed, scutellum longer than 

wide and gonocoxa I ventrally rounded 

without lobes (Figs. 9, 10). The female ab- 

dominal sternite VII without plica or fis- 

sura. 

Members of this new genus are distin- 
guished by the following combination of 

characters: tylus apically blunt, without a 

projection, frontal angles of the pronotum 

feebly rounded and femora unarmed. In 

Agathyrna apex of tylus upturned to form 

a small horn, frontal angles are produced as 

short conical tooth and femora are armed 

ventrally with rows of teeth of various sizes. 

General description.— Head: Wider than 

long, pentagonal and dorsally almost flat: 

tylus apically globose and entire extending 

anteriorly to and laterally higher than juga; 

jugum unarmed, narrowed, shorter than ty- 
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lus; gena armed with a prominent plate; an- 

tenniferous tubercle unarmed; side of head 

in front of eye unarmed, straight; antennal 

segment I robust, thickest, slightly curved 

outward, longer than maximum length of 

head and extending beyond apex of head by 
more than half of its length; segments IT and 

III cylindrical and slender, segment IV fu- 

siform; antennal segment II the longest, seg- 

ment IV the shortest and III longer than I; 

ocelli weakly elevated; preocellar pit deep; 

eyes spherical and proturberant; postocular 

tubercle prominent, globose; buccula 

rounded, elevated, short, not extending be- 

yond antenniferous tubercle, with sharp 

middle projection; rostrum reaching middle 

of sternal segment V. 
Thorax.—Pronotum wider than long, tra- 

peziform, weakly bilobed; collar wide; fron- 

tal angles feebly rounded; humeral angles 

rounded, not projecting; calli slightly con- 
vex. Anterior lobe of metathoracic peri- 

treme elevated and reniform, posterior lobe 

sharp, small (Figs. 7, 8). 

Legs.— Unarmed; tibiae cylindrical, with 
shallow sulcus. 

Scutellum.— Triangular, longer than wide; 

anterior half convex, posterior half flat with 

a shallow lateral depression; disc with 

T-shape impression; apex moderately glo- 

bose, curved and acute. 

Hemelytra.— Macropterous, extending to 

the posterior margin of the last abdominal 
segment; claval suture evident; costal mar- 

gin emarginate, apical margin straight; 

membrane with few of the veins furcate. 
Abdomen.—Connexival segments higher 

than margin of hemelytron at rest; posterior 

angle of each connexival segment complete, 

not extended into a short spine; abdominal 

sternite with medial furrow, projecting to 

posterior border of sternite V. 

Integument.—Body surface rather dull. 
Head, pronotum, scutellum, clavus, cori- 

um, thorax, abdominal sterna and genital 

segments of both sexes moderately to 

strongly punctate; connexival segments and 

pleural margin of the abdominal sterna 
smooth. Head, pronotum, scutellum, claval 
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Fig. 25. Dorsal view of Balthygia globicolla. 
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and corial veins, thorax and abdominal ster- 
na with short, decumbent, silvery, bristle- 

like setae, intermixed with erect setae scat- 

tered on the pronotal and scutellar disc; 

antennal segments and legs with long and 

short setae. 

Male genitalia.—Genital capsule: Poste- 

rior margin with deep U-shape concavity, 

enclosed by two short and robust arms (Fig. 

11). 
Female genitalia.—Abdominal sternite 

VII without plica or fissura. Genital plate: 

Gonocoxa I oblique, with anteroposterior 

enlargement; in posterior view closed; in 

lateral view with the external face entire and 

straight, ventrally rounded, without lobes; 

paratergite VIII short, triangular with visi- 

ble spiracle; paratergite IX quadrangular 

(Figs. 9, 10). 

Etymology. — This genus is named for Dr. 

Carl W. Schaefer, a distinguished American 

hemipterist. Gender feminine. 

Type species.—Schaeferhygia araucar- 

iana Brailovsky and Ortega, new species. 

Schaeferhygia araucariana 

Brailovsky and Ortega, NEw SPECIES 

Figs. 6-11, 24 

Description.— Measurements: Male: 

Head length 1.67; interocular space 1.05; 

interocellar space 0.50; width across eyes 

1.85; preocular distance 1.10; length of an- 

tennal segments; I, 2.10; II, 3.30; II, 2.35; 
IV, 1.70. Pronotum: Total length 2.35; width 

across frontal angles 1.50; width across hu- 

meral angles 4.40. Scutellar length 2.45; 

width 2.10. Total body length 12.10. 
Female: Head length 1.70; interocular 

space 1.05: interocellar space 0.52; width 

across eyes 1.89; preocular distance 1.17; 

length of antennal segments: I, 2.15; II, 3.35; 
III, 2.45; IV, 1.75. Pronotum: Total length 

2.45; width across frontal angles 1.50; width 

across humeral angles 4.60. Scutellar length 

2.60; width 2.35. Total body length 12.45. 

Female.— Dorsal coloration. Head dark 

brown with following areas ochre yellow; 
apex of tylus and dorsal aspect of postocular 
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tubercle; antennal segment I brown with 

ochre reflections, segments IT and III orange 

red, IV dark orange; pronotum, scutellum, 

clavus and corium dark brown red with fol- 
lowing areas ochre yellow: calli (except 

punctures), great portion of the middle lobe 

of the pronotal disc, scattered spots on pos- 

terior pronotal lobe, anterolateral angles, 

apex of scutellum and few spots on clavus 

and corium; hemelytral membrane dark 

ambarine with apical margin, basal angle 

and some cells dark brown; connexival seg- 

ments III to VII bright dark red with an- 

terior and posterior margins yellow; con- 
nexival segments VIII and IX pale orange 

red with anterior angle yellow; abdominal 

segments I to IV bright yellow, V bright dark 

orange and segments VI to IX bright dark 

brown. Ventral coloration. Head dark brown 

with buccula and the region adjacent to eyes 

ochre yellow; rostral segments I to IV chest- 

nut orange; thorax and abdominal sternites 

dark brown on ochre yellow background; 

prosternum, mesosternum and metaster- 
num dark brown; anterior and posterior lobe 

of metathoracic peritreme pale yellow; cox- 

ae red brown with an external yellow spot; 

trochanters yellow; anterior and middle 

femora with posterior third dark brown, re- 

mainder yellow with several dark red-brown 

discoidal spots; posterior femora with two 

dark red-brown rings one near the base the 

other distal and two yellow rings one basal 

(except the red-brown anterior angle), the 

other on middle third and scattered with 

several dark red-brown discoidal spots; tib- 

iae alternating two short and diffuse yellow 
rings with three red-brown rings; tarsi chest- 

nut orange; pleural segments of the abdom- 

inal sternites III to VII red brown with an- 

terior and posterior margin yellow. 
Male.—Similar to female. 

Type material.— Holotype 2, New Guin- 

ea, Araucaria Camp (800 m), 28 March 

1939, L. J. Toxopeus (Neth. Ind. American 

New Guinea Expedition) (RNHL). Para- 

types: | 6, 2 2, New Guinea, Araucaria Camp 

(800 m), 16 March 1939, 2 April 1939, L. 
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J. Toxopeus (Neth. Ind. American New 
Guinea Expedition) (RNHL, UNAM). 

Etymology.—Referring to the type local- 
ity. 

Distribution.— Known only from the type 

locality, New Guinea. 
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LIFE HISTORY AND LABORATORY REARING OF 
GELASTOCORIS OCULATUS OCULATUS (FABRICIUS) (HEMIPTERA: 
GELASTOCORIDAE) WITH DESCRIPTIONS OF IMMATURE STAGES' 
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Abstract. —The life history of Gelastocoris oculatus oculatus (Fabricius) was investigated 

in southern Illinois during February-November 1991 and 1992, and the immature stages 
were described. The bug was also reared from egg to adult under controlled laboratory 

conditions. This apparently univoltine species occurred along the shorelines of ponds and 

slow-moving fresh water streams. Adults overwintered under rocks above the shoreline 

and became active in March. Eggs were found in June and July, embedded between the 

fibers of algal mats of Cladophora sp. and Rhizoclonium sp. above the shoreline. Seasonal 
occurrences of adults and immatures are discussed. Adults were last observed in late 

October. This species was reared under a 16L:8D photoperiod and 29 + 1.5° C. The 

incubation period averaged 9.21 days. Durations of the five nymphal stadia averaged 

9.55, 7.49, 10.18, 17.36, and 19.83 days, respectively. 

Key Words: Toad bug, Gelastocoridae, southern Illinois, life history, laboratory rearing, 

immature stages, descriptions 

The predaceous family Gelastocoridae is 

represented in the continental United States 

by two genera, Gelastocoris and Nerthra. 

Members of both genera are short, broad, 

and warty in appearance which, along with 

their hopping habit, has earned them the 

common name of toad bugs. Gelastocoris 

species are semiaquatic insects found in open 

mud or sand beaches along fresh water. 

Some Nerthra species also have been found 

in littoral areas similar to Gelastocoris, but 

others have been found far from water 
(Menke 1979). Reported collecting sites in- 

clude under stones and other objects on 

banks of streams and ponds, often burrowed 

' Part of a thesis submitted to Southern Illinois Uni- 

versity at Carbondale by the senior author in partial 

fulfillment of the requirements for the M.S. degree in 

zoology. 

in the soil (Menke 1979); in decomposing 
banana trunks, rotting logs, and leaf litter 

on the forest floor (Todd 1955); in cow dung 

(Lauck and Wheatcroft 1958); and in water 

(La Rivers 1953). 

Gelastocoris contains two species north of 

Mexico (Todd 1955). The first of these, G. 

oculatus (Fabricius), contains two subspe- 

cies; the nominate subspecies occurs widely 

throughout the continental United States 

and into Canada and Mexico, while G. o. 

variegatus (Guérin-Meéneville) has a more 

southernly distribution, ranging from Texas 

to Central America. The second species, G. 

rotundatus Champion, has a primarily 

southwestern distribution, occurring in Cal- 

ifornia, Arizona, and Texas, and southward 

to Central America (Todd 1955). 

Although G. o. oculatus is widely distrib- 

uted in the continental United States (Pol- 



VOLUME 96, NUMBER 3 

hemus and Polhemus 1988), little detailed 

information has been published on its life 

history. Adults and possibly nymphs over- 

winter; Hungerford (1919) stated that adults 

overwinter in sand, Froeschner (1962) that 

adults overwinter under drift and debris 

along stream and pond banks, and Blatchley 

(1926) that adults and older nymphs over- 

winter in cavities in mud and muck along 

stream and lake margins. Hungerford (1922) 

stated that eggs are laid in sand, and Brooks 

and Kelton (1967) in sand, mud, and under 

stones. Deonier et al. (1976) conducted ex- 

periments on substrate and moisture pref- 

erences of adults. Hungerford (1922) found 

that developmental time under uncon- 

trolled conditions varied from 60 to 100 

days. Uhler (1884) reported that G. 0. ocu- 

latus sometimes had a “‘second brood” (i.e., 

was bivoltine?) throughout the Atlantic 

States. Mackey (1972) determined that it 
was univoltine in eastern Tennessee. He 

based his conclusion on seasonal occur- 

rences of the following: females with eggs. 
yolk in developing oocytes, sperm in sper- 

mathecae, and adults in five nymphal in- 

stars in the field. Although Mackey’s field 
data were based on observations made ev- 

ery two weeks, he weakened his results by 

combining the data into monthly intervals. 

Hungerford (1922) provided excellent illus- 

trations of the immature stages but included 

only brief descriptions of these stages. 

This study presents information on the 

life history of G. 0. oculatus in southern 

Illinois and on laboratory rearing, and in- 

cludes descriptions of the immature stages. 

MATERIALS AND METHODS 

Life history 

Information on field life history was gath- 
ered at several sites in 1991 and 1992. In 

1991, sites included Winter’s Pond at the 

La Rue-Pine Hills Research Natural Area, 
Union Co.; Clay Lick Creek, 1.5 mi. SSW 

of Makanda, Jackson Co.; and Spring Creek, 

S17 

0.5 mi. NNW of the Hwy 146 bridge over 

Lake Kinkcaid, Jackson Co. In 1992, sites 

included Clay Lick Creek; Crab Orchard 

Creek, Williamson Co.; Campus Lake, 

Southern Illinois University at Carbondale. 

Jackson Co,; and Cooper Creek, Union Co. 

In 1991, samples were collected monthly 

from 24 March to 20 October. In 1992, they 
were collected, or counts of nymphs and 

adults were recorded, weekly from 8 March 

to 28 October. Specimens were collected by 

hand-picking (eggs, third through fifth in- 

stars, and adults) or with an aspirator (first 

and second instars) and preserved in 80% 

ethanol. Data from the two years were com- 

bined to gain a better understanding of the 

annual life cycle. 

Laboratory rearing 

Sixty-two adults were captured at Crab 

Orchard Creek on 26-27 May 1992 and 

brought to the laboratory. They were sexed 

and pairs placed in covered petri dishes (1 

M, | F/dish). Each dish (about 9 cm diam, 

2 cm deep) was covered on the bottom with 

a disc of filter paper moistened with distilled 

water, and contained five to eight pieces of 

aquarium gravel. Eggs were removed daily 

and placed on moist filter paper in dishes 

similar to those used for adults but without 
gravel. Nymphs were reared individually in 

dishes similar to those used for eggs. Dis- 
tilled water was added as needed to all dish- 

es to keep the filter paper moist. 

Adults and fifth instars were fed two live 
Tenebrio molitor L. larvae daily; first 

through fourth instars were fed two, three, 
five, and eight live Drosophila melanogaster 

Meigen wingless adults daily, respectively. 

All carcasses were removed the following 

day. Exuviae were removed daily and the 

numbers and instars of these exuviae re- 
corded. 

All eggs, nymphs, and adults were kept 

in incubators maintained at 29 + 1.5°C and 

16L:8D photoperiod (3 fluorescent “day- 

light” lamps, about 260 ft-c). 
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Descriptions of immature stages 

The description of each stage is based on 

ten individuals. Second through fifth instars 
were selected from field collected individ- 

uals, eggs and first instars from field col- 
lected and laboratory reared individuals. All 

had been preserved in 80% ethanol. Those 

that had swelled in the alcohol were not used 

in the descriptions. Drawings were made 

with a camera lucida, measurements with 

an ocular micrometer. Dimensions are ex- 

pressed in mm as X + SE. 

RESULTS AND DISCUSSION 

Life history 

Adults emerged from overwintering sites 

in early March, and were found continu- 

ously until late October (Figs. 1, 2). Only 

one overwintering site was discovered; two 
adults were found beneath rocks at Crab 

Orchard Creek on 28 November. By April, 

riding and copulating pairs were observed; 
in both behaviors, the male was on top. 

Copulatory pairs were observed up to the 

end of July, but riding behavior was noted 

as late as mid-September. Females were ob- 

served to capture flies while being ridden. 

Eggs were found from early—mid-June to 

mid-July but, based on the first appearance 

of first instars (see below), the oviposition 

period probably began in mid- to late May 

(Figs. 1, 2). They were laid between the fi- 

bers of moist algal mats of about 90% Cla- 
dophora sp. and 10% Rhizoclonium sp. 

above the shoreline. These mats had been 

left behind after spring flooding as the water 

level receded. 

This species has five instars, as reported 

by Hungerford (1922) and confirmed by 

Mackey (1972). First instars were found 

during June (Figs. 1, 2), and usually oc- 
curred at least | m from the shoreline. When 
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disturbed, they often crouched instead of 

jumped, making them difficult to distin- 

guish from sand grains and dirt particles. 
Second instars were found from early- 

mid-June to early July, third instars from 

early-mid-June to early September, fourth 

instars from mid-the third week of June to 
late August, and fifth instars from late June 

to late October (Figs. 1, 2). 

This species is apparently univoltine in 

southern Illinois, the results closely corre- 

sponding to those of Mackey (1972) for east- 
ern Tennessee. Our conclusion is based pri- 

marily on the times of occurrence of the 

eggs, nymphal instars, and gravid females. 

During 1992, females were examined for 

mature eggs; their eggs were classified as ma- 

ture using the criteria of Mackey (1972) (.e., 

larger than 1.00 x 1.25 mm). All females 

collected before 18 July were gravid and 
probably were overwintered individuals 

(Table 1). All collected after 9 August were 

not gravid and probably were newly emerged 

females (see time of occurrence of fifth in- 

stars [Figs. 1, 2]). Samples collected between 

late July and early August contained both 

gravid and nongravid females. These results 

agree with those of Mackey (1972). 

The bugs fed on adult flies and immature 

spiders including Gonomyia sp. (1 speci- 

men) (Tipulidae), Corynoneura sp. (1) (Chi- 

ronomidae), Leptocera sp. (1) (Sphaeroceri- 

dae), Lispe sp. (2) (Muscidae), and two 

lycosids, Schizocosa sp. and an unidentified 

specimen. One nymph was preyed upon by 

Pardosa milvina (Hentz) (Lycosidae). 

Laboratory rearing 

Copulation and riding behaviors were fre- 

quently observed in the laboratory as they 

were in the field. Eggs were laid on or be- 

tween fibers of the filter paper, or glued to 

— 

Figs.15 «2: 1, Percent in each sample of total individuals of same stage of G. 0. oculatus collected during 

1992 season. 2, Percent of individuals of each stage of G. 0. oculatus per sample during 1992 season. 
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Table 1. Occurrence of eggs in G. 0. oculatus from 

southern Illinois during 1992. 

Gravid Females 
Total 

No. Females Eggs/Female 
Date Examined No. Frequency (%) (x) 

11 April 1 1 100 10.0 
16 May 3 3 100 10.6 
14 June 2 2 100 9.0 

20 June 2 2 100 11.0 

27 June 3 3 100 18.0 
5 July 2 2 100 14.5 

11 July 2 2 100 19.0 

18 July 6 6 100 9.8 
25 July 5 1 20 11.0 

1 Aug 5 4 80 6.7 
9 Aug 4 0 0 a 

21 Aug 2 0 0 _ 

31 Aug 3 0 0 = 
6 Sept 4 0 0) — 

13 Sept 5 0 0 — 

20 Sept 2 0 0 — 

27 Sept 4 0 0 - 

the pieces of gravel. Each egg was white at 

Oviposition, but turned yellowish with 

brown markings during maturation. 

The incubation period averaged 9.21 days 

Table 2. 

present study" and that of Hungerford (1922)>. 
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(Table 2). Eyespots were visible within five 

days, legs within one day of hatching. The 

first through fifth stadia averaged 9.55, 7.49, 

10.18, 17.36, and 19.83 days, respectively 

(Table 2). The total developmental period 

averaged 73.62 days. 

Stadia for all instars except the fourth are 

shorter than those reported by Hungerford 

(1922), but survival rates were approxi- 

mately the same (Table 2). His bugs were 

reared under uncontrolled conditions. Thus, 

it is possible that Hungerford’s longer stadia 

resulted from lower temperatures. Prelim- 

inary trials confirmed Hungerford’s obser- 

vation (1922) that nymphs are highly can- 
nibalistic. 

Mortality was highest in the fifth instar 
and resulted from incomplete ecdysis and 

because several bugs did not feed on 7. mo- 

litor larvae. 

Descriptions of immature stages 

Egg (Fig. 3A): Length, 1.34 + 0.04; 

width, 0.80 + 0.05. Eggs laid singly or in 

small groups of two or three on or in sub- 

Duration (in days) of each immature stage of G. 0. oculatus under laboratory conditions in the 

Present Study Hungerford 

No. No. 
Completing Cumulative Completing Cumulative 

Stage Stadium Range x + SE Mean Age Stadium Range x Mean Age 

Eggs 155 8-10 9.21 + 0.53 9.21 = 12-15 12.0 12.0 

Nymph 

Ist instar 114 6-16 9.55 + 2.09 18.76 49 4-44 15.0 27.0 

2nd instar 110 4-18 7.49 + 1.54 26.25 33 8-33 16.0 43.0 

3rd instar 106 6-36 10.18 + 3.56 36.43 22 8-59 15.0 58.0 

4th instar 90 8-45 17.36 + 6.23 53.79 18 7-34 1525 73.5 

Sth instar 30 9-39 19.83 + 6.31 73.62 13 12-29 22.0 95:5 

* Controlled conditions. 
> Uncontrolled conditions. 
© 194 eggs were laid. 

— 

Fig. 3. 

instar. F. Fifth instar. 

Immature stages of G. 0. oculatus. A, Egg. B, first instar. C, Second instar. D, Third instar. E. Fourth 



VOLUME 96, NUMBER 3 



wn Ne te PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Table 3. Measurements (mm)* of G. 0. ocu/atus instars?. 

Nymph 

Ist Instar 2nd Instar 3rd Instar 4th Instar Sth Instar 

Body lengths 1.82 + 0.05 2501/0211 3.46 + 0.27 4.55 + 0.22 6.37 + 0.26 

Body width 1.45 + 0.03 1.98 + 0.08 212, O31 3-73) 012 52301 10:22 

Width at eyes 1.13 + 0.01 1.49 + 0.02 1.89 + 0.07 2.39) +0105 3.08 + 0.07 

Synthlipsis 0.61 + 0.02 0.77 + 0.06 0.98 + 0.06 1.25 + 0.06 1.68 + 0.06 

Abdomen width 1.34 + 0.02 1.76 + 0.10 2.44 + 0.11 3.31 + 0.10 4.43 + 0.18 

Head lengths 0.20 + 0.02 0.25 + 0.05 0.39 + 0.16 0.43 + 0.16 0.62 + 0.17 

Pronotal lengths 0.36 + 0.01 0.50 + 0.04 0.70 + 0.05 0.94 + 0.04 1.36 + 0.06 

Mesonotal length* 0.25 + 0.01 0.40 + 0.07 0.54 + 0.06 0.73 + 0.05 eT OL OMiL 

Metanotal lengths 0.23 + 0.02 0.28 + 0.03 0.35 + 0.03 0.42 + 0.05 0.45 + 0.03 

Leg lengths 

Profemur 0.51 + 0.01 0.73 + 0.11 0.94 + 0.05 1.29 + 0.05 1.75 + 0.05 
Protibia 0.42+0.03 0.57+0.03 0.75 + 0.05 1.00 + 0.03 1.33 + 0.07 
Protarsus 0.18+0.02 0.23+0.00 0.314003 0.404003 0.53+0.04 
Mesofemur 0.55+0.02 0.77 +0.09 1.04 + 0.05 1.46 + 0.09 2.01 + 0.09 
Mesotibia 0.46+0.02 0.654002 088+0.06 1.174005 1.63+0.04 
Mesotarsus 0.18+0.02 0.23+0.02 0.31+0.01 0.43+0.04 0.57 + 0.03 
Metafemur 0.66 + 0.02 1.00 + 0.03 1.41 + 0.07 1.99+0.06 2.78 + 0.09 
Metatibia 0.84 + 0.03 1.28 + 0.05 1.79 + 0.07 2.37 + 0.09 3.34 + 0.13 
Metatarsus 0.26 + 0.01 0.36 + 0.02 0.53 + 0.03 0.74 + 0.02 1.10 + 0.05 

Spigae sob 
> Based on 10 individuals of each instar. 
© Measured along midline. 

strate, or glued to gravel; each egg elongate- 

oval, whitish at oviposition but turning yel- 

lowish with brown markings during matu- 
ration; chorion with irregular hexagonal 

pattern. 

Nymphal instars: The first nymphal in- 

star is described in detail, but only major 
changes are described for subsequent in- 

stars. Length is measured from the anterior 

edge of the vertex to the tip of the abdomen, 
width across the mesonotum. Additional 

measurements are given in Table 3. Ter- 

minology of the head follows that of Parsons 

(1959). 
First instar (Fig. 3B): Length, 1.82 + 0.05; 

width, 1.45 + 0.03. Body elongate oval, 

greatest width at mesothorax, dorsoven- 

trally flattened; head with dorsal surface 
moderately setose, thorax and abdomen with 

dorsal surface sparsely setose; dorsal surface 

yellowish with light to dark brown macu- 

lations, ventral surface yellowish. 
Head, from dorsal view, broad, narrower 

medially than laterally, markedly expanded 

laterally at eyes; anterior margin trisinuate, 

narrowly concave medially (= dashed line); 
abruptly declivent from lateral view, face 
vertical; epicranial suture extending from 

posterior margin of head anteromedially and 

then bifurcating, each epicranial arm ex- 
tending obliquely to just before anteroven- 

tral margin of eye; face divided by epicranial 

arms into frontoclypeus ventrally and ver- 

tex dorsally. Ocellar spots present subme- 

dially in epicranial arms. Frontoclypeus lat- 

erally curving posteriorly so that it is visible 

in lateral view. Maxillary plate adjacent and 

posterior to frontoclypeus, extending from 

near base of antennae to base of beak. Gula 
and postocciput well developed, forming 

ventral side of head. Eyes red, brown or 
black, protuberant and somewhat pedun- 

culate, inner margin broadly emarginate; 
dorsal synthlipsis near anterior margin of 

eye about 2.0 width of eye. Antennae 

three-segmented; segments one and two 
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quadrate, segment three globose, segments 

one and two subequal, each about * length 

of three. Beak four-segmented, tapering dis- 

tally; segments one-three yellowish, seg- 

ment four brown, extending to procoxae. 

Labrum narrow, extending between tips of 

maxillary plates. 

Thoracic nota with whitish area laterally, 

particularly well developed on pronotum, 

contrasting with yellow and brown areas of 

remainder of pronotum. Sterna and pleura 

yellowish. Nota convex medially, explanate 

laterally; widths of meso- and metanota, and 

pronotum at posterior margin, subequal; 
yellowish line present medially, continuous 

with epicranial suture of head and reaching 

or almost reaching posterior margin of 
metanotum. Pronotum transverse, trape- 
zoidal; width shorter anteriorly than pos- 

teriorly; anterior margin weakly arcuate me- 

dially; lateral margin almost straight; 
posterior margin straight medially; tumes- 

cent area each side of disc. Mesonotum 

about 0.7 x length of pronotum along mid- 

line; anterior margin nearly straight; pos- 

terior margin straight medially, markedly 

arcuate each side of disc, straight near lat- 

eral margin; lateral margin arcuate. Meta- 

notum slightly narrower than mesonotum 

along midline, broader each side of disc; 

posterior margin weakly bisinuate; lateral 

margin arcuate, subequal in length to that 

of mesonotum; tumescent area each side of 
disc, delimited anteriorly by arcuate margin 

of mesonotum. 

Prothoracic legs raptorial; coxa white, 

conical; trochanter hemispherical with two 

rows of spines ventrally; femur flattened lat- 

erally, broad proximally, tapering distally, 
two irregular rows of spines ventrally in 

proximal half, ventral surface of segment 
flattened; tibia rounded on dorsal and lat- 

eral surfaces, medial and ventral surfaces 

flattened, two ventral rows of spines, medial 

surface with short row of long setae proxi- 

mally, sparsely setose on outer surface; tar- 

sus one-segmented, slightly setose, rounded 

on outer surface, flattened on inner surface 

wn ty Ww 

with two rows of spines, two tarsal claws 

well developed. Mesocoxa whitish, conical; 

trochanter subreniform, single row of spines, 

in distal one half; femur with ventral row 

of two to three spines proximally, some- 

times only single spine present, single me- 

dial spine usually present subapically on 

ventral surface; tibia with two longitudinal 

rows of spines on ventral surface and one 

row on anterolateral surface, semicircle of 

spines on same surfaces at apex, single spine 

present basally on anterolateral surface, tib- 

la setose on outer surface; tarsus two-seg- 
mented, slightly setose, segment one short- 

est, two tarsal claws present, about 0.6 x the 

length of prothoracic claws. Metacoxa and 

trochanter similar in shape and color to those 

of mesothoracic leg, but trochanter lacking 

spines; femur longest of femora, lacking 

ventral longitudinal rows of spines, single 

medial spine present subapically on ventral 

surface; tibia with two rows of spines ven- 

trally in distal ' to 74, another row of spines 

on anterolateral surface in distal ’2, single 

spine present proximally on anterolateral 

surface, semicircle of spines subapically; 
tibia setose on outer surface; tarsus two- 

segmented, slightly setose, segment on 

shortest, segment two with one or two spines 

ventrally on each side, two tarsal claws pres- 

ent, about 0.5 = the length of the protho- 

racic claws. Meso- and metatibiae and tarsi 

with faint annulations on some specimens. 

Abdomen convex medially, explanate 

laterally, terga and sterna 2-4, 2-5, or 2-6 

laterally each with alternating brown and 

white areas. Abdominal spiracle one adja- 

cent to metacoxa and distant from lateral 

margin; spiracles two and three more me- 

dially located; spiracle four about equal dis- 

tance from lateral margin as spiracle one; 
spiracles four and five laterad of two and 

three; spiracle five much reduced; spiracle 

six apparently present, difficult to detect, in 

line with four and five. Abdominal tergum 

one may be hidden beneath metanotum; two 

hemispherical pale yellow maculations on 

anterior of abdominal tergum two. 
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Second instar (Fig. 3C): Length, 2.50 + 

0.11; width, 1.98 + 0.08. Body with dorsal 

surface moderately setose, maculations on 

thorax becoming more variable and exten- 

sive. 

Epicranial arms present, but not as clearly 

evident. Eye with inner margin more emar- 
ginate, dorsal synthlipsis near anterior mar- 

gin of eye about 1.5 width of eye. 
Thoracic nota often lacking lateral whit- 

ish areas. Pronotal width at posterior mar- 

gin subequal to metanotal width, mesono- 

tum slightly wider, medial yellow line on 

nota not as evident; medial anterior area of 

pronotum somewhat tumescent, tumescent 
area also present each side of disc; meso- 

notum about 0.8 x length of pronotum along 

midline; metanotum about 0.7 = length of 
mesonotum along midline; posterolateral 

corners of meso- and metanota more acute. 

Mesofemur with one or two ventral rows 

of spines proximally, sometimes only one 

or two spines in each row, single medial 

spine present subapically on ventral surface. 

Metafemur occasionally with one or two 

weak spines proximally; single medial spine 

present subapically; tibia with two rows of 

spines ventrally and another row anterolat- 

erally, all rows in distal 73. Meso- and meta- 

tibiae and tarsi with annulations darker and 

often more visible than in first instar. 
Abdominal terga and sterna 2-4, 2-5, or 

2-6 with alternating brown and white areas 
not evident in some specimens. Abdominal 

tergum one with pale yellow maculations 

not evident in some specimens. 

Third instar (Fig. 3D): Length, 3.46 + 

0.27; width, 2.72 + 0.15. Body with dorsal 
surface more setose. 

Eyes more pedunculate, inner margin 

more emarginate, dorsal synthlipsis near 

anterior margin of eye about 2.0 x the length 

of eye. Antennal segments one and two sub- 

equal, each about 0.5 x length of three, seg- 

ment three elliptical. 

Thoracic nota similar to second instar, 

sterna and pleura occasionally with brown 
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maculations. Pronotum with anteromedial 

and lateral areas of each disc tumescent. 
Mesonotum about 0.8 = length of prono- 

tum along midline, slightly extending pos- 
teromedially. Metanotum about 0.6 x length 

of mesonotum along midline, posterior 

margin more arcuate medially. Meso- and 

metanotum with posterolateral corners more 

acute; mesonota with lateral margin about 

1.4 that of metanotum. 
Prothoracic trochanter with two rows of 

spines ventrally and pair of spines laterad 

of each row; femur with two irregular rows 

of spines ventrally in proximal 7; outer sur- 

face of tibia setose. Mesofemur with two 
ventral rows of spines in proximal *, oc- 

casionally with proximal spine interior to 

anteroventral and posteroventral rows of 

spines; tibia with fourth longitudinal row of 

spines present on dorsal surface, tarsal claws 

about 0.8 =x length of protarsal claws. Me- 

tafemur with sparse, posteroventral row of 

two-five short spines, present in proximal 

'’) to 3, anteroventral spine present distally 

in proximal *4, single medial spine present 

subapically on ventral surface; tibia occa- 

sionally with fourth longitudinal row of 
spines on dorsal surface, circle of spines 

present subapically; tarsal segment two with 

one row of spines on anteroventral side and 

one or two spines on posteroventral side. 

Pro-, meso-, and metafemora and tibiae and 

meso- and metatarsi with annulations darker 

and more often visible than in second instar. 

Fourth instar (Fig. 3E): Length, 4.55 + 

0.22; width, 3.73 + 0.12. Dorsal surface of 

body more setose. 

Dorsal synthlipsis near anterior margin 

of eye about 2.2x length of eye. Ocellar 
spots now appearing as ocelli; outer margin 

more clearly defined. 
Pronotum with posterior margin straight 

medially, concave to sinuate in lateral 1; 
mesonotum with posterior margin extend- 

ing posteromedially, lateral margin about 

2.5x that of metanotum; medial and sub- 

medial areas tumescent; metanotum with 
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medial area tumescent; areas each side of 

notal disc more tumescent than earlier in- 

stars, tumescent areas of meso- and meta- 
nota contiguous; mesonotum about 0.8 x 

length of pronotum along midline; meta- 

notum about 0.6 length of mesonotum 

along midline; posterolateral areas of meso- 

and metanota broader because of develop- 

ing wing pads. 

Procoxa with three short spines on pos- 

terior margin apically, trochanter with four 
irregular rows of spines ventrally, femur with 

two irregular rows of spines in proximal 7, 

2 or 3 more spines laterad of each row prox- 

imally; tibia with posteroventral row of 

spines now irregular. Mesotrochanter whit- 

ish, two rows of spines in distal 1; femur 
occasionally with two anteroventral rows of 

spines, making total of three ventral rows 

in proximal 7, occasionally also with one to 

four proximal spines interior and exterior 

to anteroventral and posteroventral rows, 

single medial spine present apically on ven- 

tral surface; tibia with anteroventral row of 
spines becoming more spinose, fourth lon- 

gitudinal row of spines on dorsal surface 
more spinose; tarsal segment two may have 

one to four spines anteroventrally. Meta- 
femur with posteroventral row of spines in 

proximal *3, anteroventral in middle ', sin- 

gle medial spine present apically, tibia with 

longitudinal row of spines dorsally, two rows 

of spines ventrally, one row of spines an- 

terolaterally; tarsal segment two may have 

second row of spines on anteroventral side, 

posteroventral spines may be developed into 

a complete row. Pro-, meso- and metafem- 

ora may have faint annulations. 
Fifth instar (Fig. 3F): Length, 6.37 + 

0.26, width 5.30 + 0.22. Body more oval, 

dorsal surface more setose. 
Ocellus now dome-shaped. Eyes more pe- 

dunculate, synthlipsis about 2.3 x width of 
eye. 
Mesonotum with posterior margin ex- 

tending more posteromedially, visible por- 

tion of lateral margin about 9.0 that of 
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metanotum; tumescent areas more pro- 

nounced, mesonotum about 0.9 x length of 

pronotum along midline, wing pads extend- 

ing almost to tip of metanotal wing pads; 
metanotum 0.4 length of mesonotum 

along midline, wing pads reaching third ab- 

dominal segment. 
Procoxa with four to seven short spines 

on posterior margin apically; trochanter with 

three irregular posteroventral rows of spines, 

and two irregular anteroventral rows of 

spines; femur with two irregular rows of 
spines in proximal ¥4, each row one to three 

spines wide at base; tibia with two postero- 

ventral rows of spines and one anteroven- 

tral row of spines. Mesocoxa occasionally 

with one or two medial spines present api- 

cally; tarsal claws 0.5x length of protho- 

racic claws. Metatibia with single spine 

present basally on anterolateral surface, an- 

other present basally on dorsolateral sur- 

face: tarsal segment two may have one spine 

posteroventrally and one to four spines an- 

teroventrally, with one to two spines in dor- 

somedial surface in apical 3; tarsal segment 

two with one row of anteroventral spines, 

one row of lateral spines, and one postero- 

ventral row of spines, tarsal claws 0.7 x 

length of prothoracic claws. 

Diagnosis 

The five nymphal instars, in addition to 

size, can be readily separated by the relative 

lengths of the meso- and metanota; the 

number of spines, particularly on the legs; 
and the presence or absence, and degree of 

development, of wing pads. There is a pro- 

gressive decrease in the relative length of 

the metanotum to the mesonotum through 

all instars because of the increasing poste- 

rior extension of the posteromedial area of 

the mesonotum, and a progressive increase 

in the number of spines. In addition, the 

fourth and fifth instars possess definite wing 

pads: the mesonotal wing pads of the fourth 

instar are about '2 the length of those of the 
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fifth and almost cover the metanotal wing 

pads in the fifth. 
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INTERSPECIFIC MORPHOMETRIC AFFINITIES IN AMBRYSUS 
(HEMIPTERA: NAUCORIDAE) 

ROBERT W. SITES AND MICHAEL R. WILLIG 

(RWS) Wilbur R. Enns Entomology Museum, Department of Entomology, University 

of Missouri, Columbia, Missouri 65211; (MRW) Ecology Program, Department of Bio- 

logical Sciences and The Museum, Texas Tech University, Lubbock, Texas 79409-3131. 

Abstract.—Morphometric variation in 15 characters was assessed among adults of 22 

species of Ambrysus. Generally, 10 individuals of each sex were measured for each species, 

although fewer than 10 specimens were available for some species. Because a multivariate 

analysis of variance revealed that interspecific differences were dependent on sex, sub- 

sequent analyses were conducted on males and females separately. All characters were 

individually significant in distinguishing among species based on univariate statistics. 

Moreover, each of the 22 species formed a species-specific cluster in multidimensional 

space (Discriminant Function Analysis) and was distinct from the others based on pairwise 

F-tests. With Principal Components Analysis, the first principal component was repre- 

sented by positive loadings associated with aspects of length. Thus, most of the morpho- 

metric distinction among Ambrysus species is represented by factors associated with size. 
Five additional components were important (each component >0.5% of variation) and 

provided additional interspecific resolution based on shape. In general, we identified a 

group of 13 core species with similar shape, surrounded by 9 peripheral species. Clear 

distinction of the four currently-recognized subgenera did not occur, and the inclusion of 

additional species would likely blur these already tenuous distinctions. Moreover, con- 
tinued recognition of current subgeneric groupings may represent an anachronism. None- 

theless, a number of Ambrysus species occupying currently-recognized infrageneric groups 

(Acyttarus, Picrops, signoreti group) do exhibit extreme morphologies, which may cor- 

respond to unusual habitats. Based on inconsistencies in morphometric affinities of other 

currently recognized taxa within the genus (subgenera Syncollus and Ambrysus), the small 

number of characters defining the subgenera, and wide ecological variation within the 

nominate subgenus, we recommend a phylogenetic analysis of the genus. A cladistic 

analysis of discrete characters is required to conclusively evaluate phylogenies and arrive 

at a natural infrageneric classification of Ambrysus. 

Key Words: Naucoridae, Ambrysus, morphometrics, phenetics 

The Naucoridae, or creeping water bugs, 

are predacious insects common in both 

temperate and tropical aquatic systems. The 

genus Ambrysus is one of the most species- 

rich in the family (Usinger 1946), although 
it is restricted to the New World. La Rivers 

(1971, 1974, 1976) listed 69 species in his 

catalog of the world naucorid fauna, and 

four additional species have been described 

(Polhemus and Polhemus 1981, 1983). 

Moreover, many undescribed species from 
Latin America and one from the western 

United States are represented in collections 

(J. T. Polhemus, pers. comm.). Ecologically, 
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Table 1. Naucorid taxa* used in morphometric 

analyses; asterisk indicates member of signoreti group. 

Picrops 

Ambrysus usingeri La Rivers (A) 

Acyttarus 

Ambrysus funebris La Rivers (B) 

Syncollus 

Ambrysus circumcinctus Montandon (C) 

Ambrysus maldonadus La Rivers (D) 

Ambrysus montandoni La Rivers (E) 

Ambrysus 

Ambrysus arizonus La Rivers (F) 

Ambrysus buenoi Usinger (G) 

Ambrysus californicus Montandon (H) 

Ambrysus crenulatus Montandon (1) 

Ambrysus guttatipennis Stal (J) 

Ambrysus inflatus La Rivers (K) 

Ambrysus lunatus Usinger* (L) 

Ambrysus mexicanus Montandon (M) 

Ambrysus mormon Montandon (N) 

Ambrysus occidentalis La Rivers* (O) 

Ambrysus parviceps Montandon (P) 

Ambrysus portheo La Rivers* (Q) 

Ambrysus pudicus Stal (R) 

Ambrysus pulchellus Montandon (S) 

Ambrysus puncticollis Stal (T) 

Ambrysus thermarum La Rivers (U) 

Ambrysus woodburyi Usinger (V) 

@ Letter following species corresponds with code in 
PCA diagrams (see Fig. 1). 

species of Ambrysus are diverse, occurring 

in habitats ranging from among rocks in 

swift current of cold montane streams (4. 
thermarum La Rivers), to among algae and 

submerged vegetation of warm pools (e.g. 
A. portheo La Rivers). 

Ambrysus has been classified into four 

subgenera on the basis of relatively few 

characters (see La Rivers 1965). The sub- 

genera Acyttarus and Picrops are monotyp- 

ic, Syncollus contains 10 species, and the 

remaining 61 species compose the nominate 

subgenus. Because of the tremendous dis- 
parity in the number of species defining these 

subgenera, and wide ecological variation in 
the species-rich nominate subgenus, the 

evolutionary significance of the currently 
established subgeneric taxa appears equliv- 
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ocal. In fact, La Rivers (1965) questioned 

the phylogenetic accuracy of the entire sub- 
family Ambrysinae because 73 of the 77 
species described at that time were in the 

genus Ambrysus. Subsequently, Ambrysi- 
nae was downgraded to tribal rank (Popov 

1970) and transferred to the subfamily Cry- 
phocricinae (Stys & Jansson 1988). 

No formal taxa above species are recog- 

nized within subgenera. However, poorly- 

defined groups [e.g. pudicus group (La Riv- 

ers 1951), signoreti complex (Usinger 1946)] 

have been referenced in the literature. With- 

in the subgenus Ambrysus, the species in the 

signoreti group are ecologically distinct, 
commonly inhabit marginal areas of 
streams, and may occur in pooled water that 

is discontinuous from the main lotic chan- 
nel. 

Relatively few external morphological 

characters have been used to distinguish 

among species of Ambrysus, other than those 

associated with genitalic segments. None- 

theless, interspecific differences are evident 

that relate to shape. In this study, we ad- 
dressed the phenetic affinities of species of 

Ambrysus to determine if patterns of mor- 

phometric similarity (specifically, shape) 

emulate currently accepted infrageneric tax- 

onomy. 

MATERIALS AND METHODS 

A suite of 15 external mensural characters 
(body length and width; head length and 
width; synthlipsis; pronotal length; lengths 

of pro-, meso-, and metathoracic femur, tib- 
ia, and tarsus), previously determined to be 

effective in discriminating among naucorid 
taxa (Sites and Willig 1994), was measured 
for adult specimens of 22 species of Am- 
brysus (Table 1). Body length was measured 

from the tip of the labrum to tip of the 

abdomen; body width, head length, head 

width, and all leg segments were longest dis- 

tances; pronotal length was measured along 

the midline. Meso- and metanotal lengths 
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were not included because it is difficult to 

obtain accurate measurements without dis- 
section. Each of these nota subducts below 

the preceding notum, and the visible length 

is variable and dependent on the degree of 
thoracic flexion. Generally, 10 specimens of 

each species were measured: however, for 

several species, fewer than 10 specimens 

were available. All data were transformed 

to natural logarithms to more effectively 

evaluate the contribution of shape in defin- 

ing interspecific differences. Voucher spec- 
imens are deposited in the Wilbur R. Enns 
Entomology Museum, University of Mis- 

sourl-Columbia. 

Two-way multivariate analysis of vari- 

ance (MANOVA) was performed to deter- 

mine whether the character suite could dis- 

criminate among species and between sexes. 

Because a significant species-sex interaction 

was detected, sexes were considered sepa- 

rately in subsequent analyses. Univariate 

analyses of variance (ANOVAs) were per- 

formed to assess the individual contribution 

of particular characters to interspecific dis- 
tinctions. Discriminant function analysis 

(DFA) simultaneously maximized the dif- 

ferences among species and minimized in- 

traspecific variation among individuals by 

altering the linear combination of variables 

on each of a number of orthogonal axes. 
Pairwise F-tests associated with DFA de- 
termined which species significantly dif- 

fered from each of the other species. The 

subsequent classification phase of DFA then 

assigned each specimen to a taxon based on 
the linear combination of variables from 

each discriminant function axis. Percent of 

correct assignments may be used as a sep- 

arate measure of morphometric distinction 

among taxa. Because DFA reconstitutes the 

variables to maximize differences among 
taxa, natural relationships can be contorted 

in multidimensional space. In contrast, 

principal components analysis (PCA) is a 

data reduction technique that retains dis- 

tance relations among individuals in mul- 
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tidimensional space and disregards group 

affiliations. 

RESULTS AND DISCUSSION 

A very highly significant two-way inter- 

action (MANOVA, P <0.001) was detected 

between species and sex, and for each main 

effect. Thus, sexes were considered sepa- 

rately in subsequent analyses. With ANO- 

VA, all but four univariate characters (pro- 

notum length, synthlipsis, protarsus length, 

and mesotibia length) were very highly sig- 

nificant (P <0.001) for the interaction be- 

tween species and sex. Only profemur length 

was not significant in distinguishing be- 

tween sexes. Each character separately was 

very highly significant (P <0.001) in distin- 

guishing among species. Thus, this charac- 
ter suite is diacritical in distinguishing 

among congeners and reinforces the conclu- 

sions of Sites and Willig (1994) that this 
character suite effectively discriminates 

among species groups of Naucoridae. 

Pairwise interspecific F-tests associated 

with DFA resulted in very highly significant 

differences (P <0.001) between each pos- 

sible species pair. These results reveal that 

each species of Ambrysus is morphometri- 
cally distinct from each of the other ana- 
lyzed species. Without exception, the clas- 

sification phase of DFA assigned each 
individual to the correct species within each 

sex. Intraspecific morphometric variation 

was considerably less than interspecific 

variation, and each species group was ex- 

clusive of all other groups. 

Principal components analysis effectively 

disassociated aspects of size (PC 1) and shape 

(other axes) from the total morphological 

variation among individuals. Loading co- 

efficients of all characters were positive on 

PC 1 (Table 2). The high loadings for leg 

lengths and body length suggest that this 

factor is associated strongly with size (spe- 

cifically length elements), and accounted for 

85.9% of the interindividual variation. Five 

additional axes were considered important, 
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Table 2. 
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Coefficients and percentages of total- and shape-related variance for each of six principal components. 

Most important loadings for PC 1+ appear in boldface. 

Principal Component Factor 

Character 1 2 

Protibia length 0.952 0.224 

Profemur length 0.850 0.399 

Mesotibia length 0.841 0.402 

Mesofemur length 0.825 0.406 

Metatibia length 0.750 0.490 

Metafemur length 0.740 0.527 

Body length 0.720 0.556 

Synthlipsis 0.342 0.816 

Head width 0.505 0.785 

Head length 0.519 0.723 

Body width 0.570 0.696 

Metatarsus length 0.391 0.673 

Pronotum length 0.571 0.601 

Protarsus length 0.256 0.352 

Mesotarsus length 0.422 0.515 

% Variance (total) 85.9 6.7 

% Variance (shape) ~ 47.5 

each accounting for at least 0.5% of the vari- 

ation and included aspects of shape in ad- 

dition to size. Of these five “shape” axes, 

PC 2 accounted for 47.5% of the shape-re- 
lated variation, with high character loadings 

for head length and width, body width, 
synthlipsis, pronotum length, and metatar- 

sus length. Factors three and four included 

high loadings for lengths of protarsus and 

mesotarsus, respectively; whereas factors 

five and six were each characterized by many 

characters whose loadings were approxi- 

mately equal in magnitude. 

Despite significant sexual dimorphism in 

all species of Ambrysus, interspecific pat- 

terns in morphology (shape) are similar in 

males and females based on PC 2 through 

4 (Fig. 1). Patterns of morphological dis- 

persion, based on continuous characters, do 

not parallel the composition of the four cur- 
rently recognized subgenera, which have 

been erected primarily on the basis of sim- 
ilarity in discrete morphological characters. 

Rather, our analyses identified a core of spe- 

cies with relatively similar morphologies, 

3 4 5 6 

0.137 0.091 —0.021 0.056 

0.257 0.165 —0.023 0.108 

0.221 0.257 0.067 —0.024 

0.237 0.229 0.190 0.027 

0.264 0.278 0.182 —0.059 
0.256 0.219 0.231 —0.024 

0.259 0.203 0.205 0.084 

0.359 0.247 —0.103 —0.099 
0.263 0.127 0.099 0.129 
0.344 0.234 0.083 0.097 

0.293 0.138 0.257 —0.038 
0.274 0.418 0.352 0.079 

0.338 0.295 0.061 0.303 

0.873 0.170 0.065 0.027 

0.396 0.623 0.048 0.030 

2.6 1.6 174 0.9 

18.4 LL.3 8.5 6.4 

with nine species (4. circumcinctus, A. cre- 

nulatus, A. funebris, A. inflatus, A. lunatus, 
A. occidentalis, A. parviceps, A. portheo, and 
A. usingeri) dispersed about the periphery 
of the core group variously representing 

more extreme morphologies. Unusual 

shapes do characterize the monotypic sub- 

genera Picrops and Acyttarus, as well as the 

signoreti group of the subgenus Ambrysus. 

However, the current constituents of these 

groups are not unique in that regard. For 

example, three species [4. (Syncollus) cir- 

cumcinctus, A. (Ambrysus) crenulatus, and 

A. (Ambrysus) parviceps] are closely asso- 

ciated with A. (Acyttarus) funebris in mor- 

phological space. Two species in the sub- 

genus Syncollus (A. maldonadus & A. 

montandoni) are clearly within the core 
group of Ambrysus, and A. (Ambrysus) cre- 

nulatus is more associated with taxa outside 

the subgenus Ambrysus. 

Based on evaluation of shape, there are 

at best four morphological groups: the cen- 
tral core of 13 species and three peripheral 

associations (A. inflatus, A. lunatus, A. oc- 



VOLUME 96, NUMBER 3 531 

Ambrysus males 

PES 

Fig. 1. 

PE4 

Results are presented separately for naucorid males and females; nonetheless, relative positions of 

species centroids are similar for each. Group centroids are represented by letters and subgenera by shapes: circle, 

Syncollus, diamond, Acyttarus;, rectangle, Picrops; none, Ambrysus. Letter abbreviations are given in Table 1. 

To facilitate visualization of many centroids, intraspecific dispersion of individuals is not depicted. 

cidentalis, A. portheo; A. circumcinctus, A. 

crenulatus, A. funebris, A. parviceps; and A. 

usingerl). Examination of the morphologi- 

cal relationships of other Ambrysus is likely 

to further blur the already tenuous distinc- 
tion among the groups. To some extent, pe- 

ripheral location in morphological space ap- 

pears to be related to extreme environmental 

conditions. For example, 4. funebris is re- 

stricted to Furnace and Cow creeks in Death 

Valley where temperatures are high (36° C) 

(La Rivers 1949). Ambrysus inflatus, A. lu- 

natus, A. occidentalis, and A. portheo in- 

habit lotic and lentic littoral zones, and for- 

age in patches of aquatic macrophytes. Here 

currents are slow to non-existent and tem- 

peratures are high in the summer. Poor 

knowledge of the autecology of the other 

peripheral species prevents a more inclusive 

evaluation of the degree to which extreme 
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morphology may relate to unusual habitats 

in Naucoridae. 
Current subgenera were erected based on 

similarities in discrete character states and 

include two monotypic subgenera and a spe- 

cies-rich subgenus. However, our continu- 

ous-state characters do not support the cur- 

rent subgeneric associations. Further, the 

systematic value of currently recognized 

subgenera is compromised because they are 

not based on a phylogenetic approach, and 

continued recognition of the four estab- 

lished subgenera of Ambrysus may in fact 
represent an anachronism. This would best 

be resolved with a phylogenetic analysis 

based on discrete-state characters for which 

polarities can be established (Hennig 1966). 
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HESPEROTINGIS ILLINOIENSIS DRAKE, HOST PLANTS 
DISCOVERED FOR A LITTLE-KNOWN LACE BUG 

(HETEROPTERA: TINGIDAE) 

A. G. WHEELER, JR. 

Bureau of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, Penn- 

sylvania 17110. 

Abstract. — Pennsylvania and Virginia are given as new state records of the rarely col- 

lected lace bug Hesperotingis illinoiensis Drake, and the discovery of its host plants is 
reported: Penstemon spp. (Scrophulariaceae). Nymphs of this univoltine tingid developed 

on basal leaves of P. canescens and P. hirsutus; overwintered eggs hatched in May and 

adults began to appear in June. Habitat notes and a photograph of the adult habitus are 

provided. 

Key Words: 

Since its original description from Illinois 

75 years ago, Hesperotingis illinoiensis has 

been recorded only from three additional 

localities, and host relationships have re- 
mained unknown. Here I report the discov- 

ery of its host plants—Penstemon spp. 

(Scrophulariaceae)—and give notes on its 

seasonal history and habits. 

Hesperotingis illinoiensis Drake 

Drake (1918) described this lace bug (Fig. 

1) from three specimens taken at Palos Park, 

Illinois, on 16 July 1908. Bailey (1951) re- 

ported its collection (4 adults) from South 

Meriden, Connecticut, 3 July 1939. Drake 

and Ruhoffs (1965) world catalog of the 

Tingidae lists an Indiana record, apparently 

one not previously published. The source 

of their Indiana record probably is a spec- 

imen in the C. J. Drake Collection, National 

Museum of Natural History, Washington, 
DC, collected 10 July 1933, ina state forest 

in Clark County. The most recent record is 

a specimen swept from a soybean field at 

McCausland [a state farm near Point Pleas- 

Insecta, lace bugs, beard-tongues, host specialization, distribution 

ant], Mason County, West Virginia, 28 June 

1988 (Torres-Miller 1989). 

New distribution records.—The follow- 

ing new records, extending the known range 

of H. illinoiensis (Fig. 2), are based on the 

author’s collections from Penstemon spp. 

(see also Seasonal History and Habits). 
Voucher material has been deposited in the 

collections of the Carnegie Museum of Nat- 
ural History, Pittsburgh, PA (CMNH); Cor- 

nell University, Ithaca, NY (CUIC); Na- 

tional Museum of Natural History, 
Washington, DC (USNM); and Pennsyl- 

vania Department of Agriculture, Harris- 

burg (PADA). 

PENNSYLVANIA: Bucks Co., Nocka- 

mixon Rocks nr. Kintnersville, 6 June 1992 

(nymphs only; adults reared); and Juniata 

Co., 2 mi. SE of McAlisterville, 20 June 
1992 (nymphs only; adults reared) and 20 
May 1993 (nymphs only); Montgomery Co., 

E. of Linfield, 17 June 1992 and 24 July 

1993. VIRGINIA: Alleghany Co., Rt. 42, 
1.7 mi. S. of Bath Co. line NE of Clifton 

Forge, 1 Aug. 1993; Franklin Co., Bald Knob 
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Fig. 1. Hesperotingis illinoiensis, adult habitus. 

E. of Rocky Mount, 16 May (nymphs only) 

and 4 July 1993. 

SEASONAL HISTORY AND HABITS 

Pennsylvania collections were made from 
hairy or northeastern beard-tongue, Penste- 

mon hirsutus (L.) Willd., whereas the Vir- 

ginia records are based on specimens from 

gray or Appalachian beard-tongue, P. ca- 

nescens (Britt.) Britt. These herbaceous pe- 

rennials usually are found in dry woods and 

rocky slopes, with P. canescens often asso- 

ciated with shale outcrops (Allard and 

Leonard 1946, Strausbaugh and Core 1978, 

Gleason and Cronquist 1991, Rhoads and 
Klein 1993). Collection sites of H. i/linoien- 

sis in Pennsylvania were Nockamixon 

Rocks, a well-known botanical area con- 

sisting of Triassic shale-sandstone cliffs that 
support a diverse flora on acidic and basic 

substrates (Godfrey 1980); Westfall Ridge 

Prairie, a limestone glade in Juniata Coun- 

ty; and a dry shale bank above the railroad 
tracks and Schuylkill River in Montgomery 

County. Hesperotingis illinoiensis was col- 

lected in Virginia in a glade near the base 

of Bald Knob, a “large Piedmont outcrop 
of hornblende gabbro” in Franklin County 

(Mitchell 1970), and in a shale barren in 

Alleghany County. 

This univoltine lace bug overwinters as 

eggs embedded in host leaves, with hatching 

taking place the following spring. Second 

and third instars were observed in mid-May 
in southern Virginia (Franklin Co.), and egg 

hatch had just begun by late May in central 

Pennsylvania (Juniata Co.). Fourth and fifth 

instars were collected in southeastern Penn- 

sylvania (Bucks Co.) in early June; a mid- 

June collection in Montgomery County 

consisted of late instars and mostly teneral 
adults. Adults were present in Pennsylvania 

until about the end of July. One adult was 

taken on 24 July at the Montgomery County 

site where large numbers of individuals had 

been present in June, and no adults could 

be found in Juniata County on 28 July. Two 

adults, however, were collected in Allegha- 

ny County, Virginia, on | August. 

Early instars fed on the abaxial surface of 

small basal leaves of beard-tongue. Even 

though chlorosis was apparent on adaxial 

surfaces, populations of the lace bug were 

difficult to locate because infested foliage 

often was obscured by grasses or leaf litter 

at the base of host plants. In early season, 

nymphs were detected by brushing away lit- 

ter and examining lower leaf surfaces of 

beard-tongue. Late instars and adults some- 

times occurred higher on host plants than 

did early instars, but leaves just below the 

inflorescences generally showed less chlo- 
rosis than basal leaves. Some plants, how- 

ever, were severely damaged and withered 

from intense feeding pressure, suggesting 

that the bugs had infested nearly all leaves 
of their host. Infested leaves were spotted 

with black excrement, and the petioles 

sometimes also showed chlorotic blotches. 
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Fig. 2. 

DISCUSSION 

Members of the small Nearctic genus 
Hesperotingis (7 species) (Froeschner 1988) 

are seldom collected and host relationships 

are obscure. A host plant was recorded only 

for H. antennata Parshley by Drake and 

Ruhoff (1965), but their listing of Andro- 

pogon sp. as a host is misleading because 

nymphs have not actually been collected on 

bluestem grasses (Andropogon or Schiza- 

chrium spp.) (see Torre-Bueno 1946, Bailey 

1951). 
Hesperotingis illinoiensis can now be con- 

sidered an apparent specialist on certain 

species of the scrophulariaceous genus Pen- 

stemon. Few native North American tingids 

have been recorded from the Scrophulari- 

aceae. Teleonemia montivaga Drake has 

Known distribution of H. i//inoiensis. Dot in circles = previous records; filled circles = new records. 

been collected on Penstemon sp. in Cali- 

fornia, and the widespread 7. nigrina 

Champion is known from Adenostegia spp. 

and snapdragon (Antirrhinum) (Drake and 

Ruhoff 1965). 

The host plants of H. i//inoiensis may have 
remained undetected for so long because of 

this bug’s somewhat cryptic habits. Nymphs 

develop mainly on basal leaves that typi- 

cally are hidden from view, especially in 

early season. Even though adults may occur 

high enough on their hosts to be collected 

by sweeping, they are present for a relatively 

short time: about mid-June through July in 

Pennsylvania. 

Populations of H. i/linoiensis are best lo- 

cated by looking for the characteristic 

bleaching of infested beard-tongue foliage. 

The rather slow-moving adults are easily 
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hand collected from the undersides of leaves 

or with an aspirator after hosts are tapped 

over a pan or tray. 
Most colonies of P. canescens and P. hir- 

sutus that were examined did not show fo- 
liar chlorosis or yield specimens of H. illi- 

noiensis. At several sites where the tingid 

was found, only one or two plants (of a pop- 

ulation of 10-20) were infested. It was not 

found on P. digitalis Nutt. ex Sims in old 
fields, meadows, or disturbed sites. Addi- 

tional fieldwork almost certainly will show 
H. illinoiensis to be even more widely dis- 

tributed than is currently known and per- 
haps will add to its known range of host 

plants. This lace bug should especially be 

looked for throughout the range of its known 

beard-tongue hosts: Pennsylvania to Ten- 

nessee and Alabama and west to Indiana 

for P. canescens; and Quebec and Maine to 

Virginia and Kentucky and west to Michi- 

gan and Wisconsin for P. hirsutus (Gleason 

and Cronquist 1991). 
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NOTES ON THE GENUS PARALEUROLOBUS: REDESCRIPTION OF THE 
GENUS AND ITS TYPE SPECIES AND DESCRIPTION OF A 

NEW SPECIES (HOMOPTERA, ALEYRODIDAE) 
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Systematic Entomology Laboratory, Plant Sciences Institute, Agriculture Research Ser- 
vice, United States Department of Agriculture, Room 6, Building 004, BARC-W, Belts- 
ville, Maryland 20705. 

Abstract.—The genus Paraleurolobus Sampson and Drews and its type species, P. .im- 

bricatus Sampson and Drews, are redescribed. The pupal case, first, second and third 

instars of Paraleurolobus chamaedoreae, new species, are described. Both species are 

recorded from Mexico, P. imbricatus from an undetermined tree and P. chamaedoreae 
from narrow leaf palms of the genus Chamaedorea. Distinguishing characters are given 

for Paraleurolobus and for each species. 

Key Words: 

The genus Paraleurolobus was estab- 
lished by Sampson and Drews (1941) for 

their new species P. imbricatus, an aleyrodid 

collected “‘on undetermined tree” in Mex- 

ico. The authors did not mention the ap- 

pearance of the whitefly on its host plant 

and they examined only one specimen. A 

more complete concept of Paraleurolobus 

was obtained through the examination of 
two additional specimens of P. imbricatus 

and numerous examples of a new species 

found on narrow leaf palms of the genus 

Chamaedorea from Mexico. 
In the following descriptions, sutures of 

the cephalothorax and abdomen refer only 

to intersegmental ones. 

Paraleurolobus Sampson and Drews 

Paraleurolobus Sampson and Drews 1941: 

168-169; 1957: 690; Sampson 1943: 196, 
202; 1947: 46; Mound and Halsey 1978: 

178. 

Type species.—Paraleurolobus imbrica- 

tus Sampson and Drews, by original des- 

ignation and monotypy. 

Whitefly, Paraleurolobus, type species, new species, palm, Mexico 

Pupal case.— Margin of body with a waxy 

fringe. Body subcircular in outline. Dorsum 

and venter nearly flat. Derm membranous 

and pale or sclerotic and dark. 

Margin: Dentate. Anterior and posterior 

setae present. 
Submargin: Flat, completely separated 

from dorsal disk by the membranous, 

creaselike subdorsal furrow; ornamented 
with ridges and furrows or sculptures; with- 

out a row of setae. Disk pores without as- 

sociated porettes present. 

Dorsal disk: Nearly flat, partially orna- 

mented by imbrications, spinules, furrows 

or differently shaped sculptures. Eye spots 

present or absent. Median molting suture 

reaching, transverse suture approaching or 

reaching subdorsal furrow. Sutures evident 

in median area of abdomen: submedian de- 
pressions faint or not visible; pockets small. 

Eight segments visible in median area of 

abdomen. Disk pores with associated po- 

rettes present. A pair of submedian setae or 

setal bases on cephalic, meso- and meta- 

thoracic and eighth abdominal segments; 

caudal setae in, or on posterior margin of 
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Figs. 1-4. Paraleurolobus imbricatus. 1, pupal case; 2, median area of dorsal disk from seventh abdominal 

suture to subdorsal furrow; 3, section of thorax and abdomen showing ornamentation of dorsal disk, transverse 

molting suture, subdorsal furrow, proximal area of submargin; 4, section of dorsal margin, submargin and ventral 

thoracic tracheal fold. 

the subdorsal furrow; first abdominal setae end of orifice, spatulate, with spinules and 

absent. Vasiform orifice subcircular or cor- a pair of short setae. Caudal furrow and 
date; operculum nearly covering orifice and ridges absent. 
concealing the lingula; lingula extending to Venter: Antennae 1-segmented, not 
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reaching posterior margin of forelegs. Ros- 
trum |-segmented. Segmentation of legs not 

evident. Adhesive sacs small. Thoracic spi- 

racles very small, anterior and posterior ab- 

dominal ones slightly larger. Tracheal folds 

evident. Ventral abdominal setae present. 

Third, second and first instars. — Without 

a subdorsal furrow. A pair of submedian 

setae on cephalic, meso- and metathoracic 

and eighth abdominal segments; caudal se- 

tae on body margin. Caudal furrow and 
ridges absent. 

Because these instars are available only 

in Paraleurolobus chamaedoreae, few ge- 

neric characteristics can be indicated for 

them. 

Discussion.—Sampson and Drews (1941) 

stated that Paraleurolobus was related to, 

but differed from Aleurolobus Quaintance 
and Baker (1914) and Pseudaleurolobus 

Hempel (1923). In keys to genera, Sampson 

(1943, 1947) placed Paraleurolobus and 

Asialeyrodes Corbett (1935) in the same 

couplets thus indicating a similarity be- 

tween them. These genera, and Africaley- 

rodes Dozier (1934), Malayaleyrodes Cor- 

bett (1935), Ylevrodes Bink-Moenen (1983), 

and the species Tetraleurodes hederae Goux 

(1939), resemble each other in having the 

submargin partly or entirely separated from 

the dorsal disk by a subdorsal furrow. Of 
these genera, the furrow is complete only in 
Paraleurolobus and Yleyrodes. Paraleuro- 
lobus is the only known aleyrodid genus that 
has a membranous, bladethin or creaselike, 

unbroken subdorsal furrow with the caudal 

setal bases in, or on the margin of the fur- 

row. 

The pupal cases of Paraleurolobus differ 
from those of other known genera in the 

following combination of characters: mar- 
gin dentate; tracheal pore areas without 

pores; submargin flat, ornamented, com- 

pletely separated from the dorsal disk by 

the membranous, creaselike subdorsal fur- 

row, without a row of setae; dorsal disk or- 

namented, nearly flat; submedian cephalic, 
meso- and metathoracic, eighth abdominal 

and caudal setae or setal bases present, cau- 
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dal setae in, or on the margin of the sub- 

dorsal furrow; first abdominal setae absent; 

vasiform orifice subcircular or cordate; 

operculum nearly covering the orifice and 

concealing the lingula; caudal furrow and 
caudal ridges absent. 

Paraleurolobus imbricatus 

Sampson and Drews 

(Figs. 1-4) 

Paraleurolobus imbricatus Sampson and 

Drews 1941: 168-169; Mound and Hal- 

sey 1978: 178. 

Pupal case.— Marginal fringe broken, 
width of submargin in available specimen. 

Dorsum with a thin covering of colorless 
wax. 

Body subcircular in outline, 0.95-1.10 

mm long, 0.85-1.00 wide. Dorsum mem- 

branous, colorless or pale yellowish with a 

brown tinge in center. Venter colorless. 

Margin: Dentate, teeth broadly trian- 

gular, apices curved, about as long as basal 

width, 9-11 in 100 uw, about 4 width of a 

tooth apart; 6-9 tracheal pore area teeth and 

1-3 adjacent teeth slender and fingerlike; a 
clear, porelike area at base of each tooth. 

Anterior setae 16 uw long, 30 teeth apart: 

posterior 20 u long, 50 teeth apart. 

Submargin: Width varying slightly, about 
Y, width of dorsal disk at widest part of 

body. Furrows extending proximad from 

notches between marginal teeth, other bro- 

ken or coalesing furrows extending across 

submargin and forming flat, irregular ridges. 
Disk pores fairly numerous, arranged in ir- 

regular, indistinct rows, one row in distal, 
one in central and one in proximal area of 

submargin. 

Dorsal disk: Ovate in outline, margin not 
parallel to body margin, cephalothorax nar- 

rower than abdomen. Eye spots absent. Or- 

namented, except in median area of abdo- 

men, with broken and straight furrows, 
imbrications and variously shaped sculp- 

tures, many with distal margin pale, and 

with numerous minute, scattered, clear 

spots. A pair of subcircular, slightly de- 
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pressed areas in meso- and metathorax. 

Transverse molting suture curved slightly 

caudad from its midpoint, recurved and ap- 

proaching or reaching subdorsal furrow op- 

posite its midpoint. Cephalothoracic and 

pro-mesothoracic sutures faint, meso-me- 

tathoracic and abdominal sutures defined in 
median and submedian areas. 

At median line of dorsal disk, cephalic 

segment 3% times length of prothorax; pro- 

thorax equal to the mesothorax, each about 

2 times length of metathorax; abdominal 

segment I slightly longer than II; II slightly 

longer than subequal III-VI; VII '2 length 

of V; VIII %4 combined length of I-VIT. Sub- 

median depressions shallow, with furrows 

extending cephalad and caudad. Pockets 

shallow, located diagonally in seventh ab- 

dominal suture. Pairs of disk pores with as- 

sociated porettes arranged approximately as 

follows: cephalic, pro- and mesothoracic 

segments, each | inner and | outer sub- 

median; metathorax, | inner, | central and 

1 outer submedian; abdominal segment I, 

1 inner submedian; III, | inner and 2 central 

and | outer submedian; IV, | inner and | 

outer submedian; V, | inner and | central 

submedian; VI, | central submedian; VII, 

1 inner and | central submedian; VIII, 1 

inner and | outer submedian. Cephalic, 

meso- and metathoracic setal bases minute, 
with or without very minute setae; eighth 

abdominal setae 2 u long, located cephal- 
olaterad of vasiform orifice near an imagi- 
nary longitudinal line through lateral mar- 

gins of vasiform orifice; caudal setal bases 

minute, in margin of subdorsal furrow. Vas- 

iform orifice subcircular, 48 u long, 52 wide, 

broadly curved posteriorly, located about 

14 times its length from seventh abdominal 

suture and from subdorsal furrow; rim ab- 

sent from anterior end, rising slightly above 

derm elsewhere; inner walls with numerous 

minute spinules posteriorly, its bottom ex- 

tending '3 length of operculum. Operculum 

subcircular, 38 u long, 42 wide. 

Venter: Antennae extending *% length of 

forelegs, distal third tapered, apices with a 
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few spinules and 2 or 3 setae. Tracheal folds 

with numerous spinules. Abdominal setae 
20 u long. 

Redescribed from the holotype and two 
paratypes collected on an undetermined tree, 

Chivela, Oaxaca, Mexico, April 1926, G. F. 

Ferris. 

Discussion.—In Paraleurolobus imbri- 

catus, the submedian cephalic setal bases 

are very minute and are not always visible. 

The meso- and metathoracic setal bases also 

are very minute and their setae are almost 

invisible. The intricate ornamentation of the 

dorsal disk, when viewed under high mag- 

nification, has a sparkling appearance. The 

location of the pockets in a diagonal instead 

of a transverse position in the seventh ab- 

dominal suture is unusual, but this char- 

acteristic might vary. 
Some characteristics of the venter are not 

determinable in available specimens. The 

presence or absence of spinules on the ab- 

domen, of setae or setal bases near the disk 

of legs and of sculpture have not been de- 
termined. 

Paraleurolobus chamaedoreae 

Russell, NEw SPECIES 

(Figs. 5-14) 

Pupal case.— Living on the lower surface 
of leaves and occasionally on the upper sur- 

face. 

A border of white, shiny, translucent, 

contiguous, waxy rods, each about 4 longer 

than width of submargin, around body mar- 

gin. Dorsum with a thin covering of col- 

orless, transparent wax. Venter with white 

wax in tracheal folds. 

Body subcircular to ovate in outline, 0.65- 
0.90 mm long, 0.55-0.75 wide, females 
larger than males. Dorsum sclerotized, 

shining, entirely black or submargin occa- 

sionally dark reddish brown. Venter black 
or pale. 

Margin: Dentate, teeth squarish, slightly 

tapered, apices truncate or broadly curved, 

as long as basal width, 12-14 1n 100 u, about 
Ys; width of a tooth apart; 3-6 tracheal pore 
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Figs. 5-8. Paraleurolobus chamaedoreae. 5, pupal case; 6, median area of dorsal disk from sixth abdominal 

suture to body margin; 7, section of thorax and abdomen showing ornamentation, median and transverse molting 

sutures, meso- and metathoracic setal bases; 8, section of distal area of dorsal disk, subdorsal furrow, submargin 

and margin. 
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Figs. 9-11. Paraleurolobus chamaedoreae. 9, section of venter from margin to submedian area, spinules not 

visible; 10, third-instar larva; 11, first-instar larva. 
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Figs. 12-13. Paraleurolobus chamaedoreae. \2, first-instar larva appressed to second-instar larva; 13, second- 

instar larva. 

area teeth slenderer and closer together than 
other teeth; a clear, porelike area at base of 

each tooth. Anterior setae 12 u long, 20-36 

teeth apart; posterior 20 u long, 26-40 teeth 

apart. 

Submargin: Width nearly uniform, about 
% width of dorsal disk at widest part of 

body. Furrows and ridges extending from 

margin toward or to subdorsal furrow, or- 

namented with numerous clear spots resem- 
bling minute bubbles. Disk pores sparse, 

scattered, 1 or 2 at any point. 

Dorsal disk: Subcircular to ovate in out- 
line, margin nearly parallel to body margin. 
Eye spots oval to circular. Ornamented with 

narrow furrows and wide, flat ridges ex- 

tending from subdorsal furrow to median 
area where straight, crooked or curved lines 

form variously shaped designs. Transverse 

molting suture extending slightly caudad 

from its midpoint, recurved and terminat- 
ing just before subdorsal furrow nearly op- 
posite its midpoint. Cephalothoracic and 
pro-mesothoracic sutures faint, meso-me- 

tathoracic and abdominal sutures distinct 
in median and submedian areas. At median 

line of dorsal disk, cephalic segment 21 

times length of prothorax; prothorax about 

’; longer than mesothorax; mesothorax 

about 2 times length of metathorax; abdom- 
inal segment I slightly longer than subequal 

II-VI; VII about 2 length of VI; VIII about 

equal to combined length of I-III. Subme- 

dian depressions rarely evident. Pockets 

shallow or not evident. Pairs of disk pores 
with associated porettes more numerous in 
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Fig. 14. Paraleurolobus chamaedoreae. 14, pupal case on palm leaf, marginal fringe broken. 

females than in males, arranged approxi- 

mately as follows: cephalic segment, 2 inner 

submedian, 2 or 3 outer submedian: pro- 

thorax, 0 or | outer submedian; mesotho- 

rax, | inner submedian, 0-2 outer subme- 

dian; metathorax, 0 or | inner submedian, 

1 outer submedian; abdominal segment I, 

1 inner submedian, 0 or | outer submedian; 

II, O-2 outer submedian; III, 1 inner sub- 

median, 0-2 outer submedian; IV, 0 or 1 

inner submedian; | or 2 outer submedian; 

V,0 or | inner submedian, 0-2 outer sub- 

median; VI, 0-2 outer submedian; VII, 1 

inner submedian, O or | outer submedian; 

VIII, | inner or outer submedian, | some- 

times in a pocketlike depression opposite 

posterior end of vasiform orifice. Cephalic, 

meso- and metathoracic setal bases rela- 

tively thick walled, apparently without se- 
tae; eighth abdominal setae | » long when 

observed, their bases relatively thin walled, 

located cephalolaterad of vasiform orifice 

nearly halfway to seventh abdominal su- 

ture, distad of an imaginary longitudinal line 

through lateral margins of vasiform orifice; 

caudal setal bases minute, without setae, in, 
or on margin of subdorsal furrow. Vasiform 

orifice cordate, 24-28 uw long and wide, lo- 

cated approximately 1% times its length from 

seventh abdominal suture and from sub- 

dorsal furrow; rim present around entire or- 

ifice; inner walls smooth, slightly curved 

outward, its bottom not extending anteri- 

orly. Operculum cordate, 20-24 u long and 

wide. 

Venter: Submargin smooth or with shal- 
low furrows, rarely appearing porous at an- 

terior end. Antennae extending *4 length of 
forelegs, base often with a flange extending 

toward rostrum from proximal margin and 

a knob on distal margin; apices narrowed, 
pointed, with a few minute spinules and 1 

seta. A pair of minute setae rarely present 

anterior to rostrum. Tracheal folds with a 

few spinules, rough areas and sometimes 2 

or 3 clear spots at midlength. Each leg with 
2 minute setae at disk; middle and hind legs 

with | or 2 minute setae at midlength of 

proximal margin. A band of bubblelike spi- 

nules extending from rostrum around distal 
margin of legs, continued on abdomen and 

across abdominal tracheal fold. Abdominal 

setae 25 uw long. 

Third-instar larva.—Body broadly oval 
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in outline, 0.45-0.55 mm long, 0.40-0.45 
wide. Dorsum and venter pale brown. 

Margin: Dentate, teeth slightly wider 

than long, apices broadly curved: 7-9 at tho- 
racic, 9-12 at posterior tracheal pore area 

slenderer than other teeth, their apices nar- 

rowly curved. Anterior and posterior setae 

about 20 u long. 

Dorsum: Intersegmental sutures weak. 

Submedian depressions and pockets evi- 

dent. Disk pores with porettes varying but 

usually | inner submedian pair on most seg- 

ments and occasionally | outer submedian 

pair on some thoracic and abdominal seg- 

ments. Disk pores without porettes sparse, 

in submargin, median and submedian ar- 

eas. Cephalic, meso- and metathoracic setae 

and setal bases rather stout, setae about 6 u 

long; eighth abdominal setae slenderer, 6 

long, opposite rim on anterior end of vasi- 

form orifice; caudal setae 54 u long. Vasi- 

form orifice cordate, 20 u long and wide, 
rim present around entire orifice, its inner 

walls smooth. Operculum cordate, about 19 

u long and wide. 

Venter: Antennae 8 yu long, apparently 

2-segmented, proximal segment stout, with 

1 seta, distal segment slender. Legs broadly 

conical, without obvious segmentation, each 

with 2 minute setae on basal area and 2 setal 

bases at disk. Tracheal folds not observed. 
Abdominal setae 10 u long. 

Second-instar larva.—Body oval in out- 

line, 0.34 mm long, 0.24 wide. Dorsum and 

venter pale. Area depressed underneath the 

closely appressed first-instar larva. 

Margin: Dentate, teeth as wide as long, 
apices curved, 8-10 at thoracic, 12-20 at 

posterior tracheal pore area slenderer than 

other teeth. Anterior and posterior setae 

about 20 u long. 

Dorsum: Intersegmental sutures, sub- 

median depressions and pockets not ob- 

served. Disk pores with porettes in 1 or 2 

submedian pairs on each cephalothoracic, 

and on abdominal segment III. Disk pores 

without porettes sparse, in submargin and 

submedian areas. Cephalic setae 50 u long; 
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meso- and metathoracic setae about 90-100 

u long including enlarged base, each seta 

with 2 porelike areas at juncture with base; 
eighth abdominal setae 4 u long, opposite 

rim on anterior end of vasiform orifice; cau- 

dal setae 40 » long. Vasiform orifice cordate, 

16 uw long and wide, rim present around en- 

tire orifice. Operculum cordate, about 14 u 

long and wide. 

Venter: Antennae 7 u long, a minute seta 

at base. Legs without obvious segmentation, 
each with | or 2 minute setae on basal area 

and 2 setal bases at disk. Tracheal folds not 

observed. Abdominal setae 9 u long. 
First-instar larva. — Body elliptical in out- 

line, 0.24 mm long, 0.16 wide: closely ap- 

pressed to second-instar larva. Colorless. 

Margin: Slightly indented between seg- 

ments. Setae in 5 pairs on cephalothorax, 

each about 12 u long; typical anterior setae 

20 u long, posterior setae 28 u long. 

Dorsum: Intersegmental sutures weak or 

not evident. Eye spots circular when evi- 

dent. Disk pores with porettes in | pair on 

cephalic segment, 0-3 pairs on thorax and 

abdomen. Disk pores without associated 

porettes sparse, 2-10 in submargin. Ce- 

phalic, meso- and metathoracic and eighth 

abdominal setae each 2-3 uw long; caudal 
setae 8 uw long. Vasiform orifice cordate, 14 

u long and wide, rim absent from anterior 

end. Operculum cordate, about 12 » long 

and wide. 

Venter: Antennae 60 u long, 3-segment- 

ed; proximal segment stout, with | seta: sec- 

ond segment narrower, with | seta: distal 
segment slender, blunt apically, 50 u long. 

A pair of minute setae just anterior to ros- 

trum. Legs appearing 3-segmented; coxae 

poorly defined; foreleg coxae without, mid- 

dle and hind leg coxae with 2 setae; tro- 

chanter apparently fused with stout femur; 

tibio-tarus narrower, forelegs apparently 

without, middle and hind legs with a seta 

on distal margin; tibio-tarsus of each leg 

with a minute seta on proximal margin and 

a digitule at apex. Tracheal folds not ob- 

served. Abdominal setae 10 u long. 
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Material examined.—All specimens are 

from Mexico, intercepted by plant quar- 

antine inspectors of the U.S. Department of 

Agriculture each month of the year from 
1946 to 1984. Collections were discontin- 

ued because the insects could not be iden- 

tified to species. 

Holotype pupal case on Chamaedorea sp., 

collected at San Antonio, Texas, 6-VIII- 
1970, D. Johnston. Paratypes, unmounted 

and four mounted pupal cases taken with 

the holotype. 

Additional paratypes consist of numer- 

ous unmounted and approximately 445 

mounted pupal cases, seven lots collected 

from unidentified palm (apparently Cha- 

maedorea), one lot from C. elegans Mart. 

and all others from Chamaedorea sp. The 
paratypes were intercepted from the follow- 

ing states and locations in Mexico: Chiapas 

(Arriaga, locality unstated), Chihuahua 

(Juarez), Mexico (Mexico City, Mexico D.F., 
locality unstated), Nueva Leon (Zaragoza), 

Tabasco (locality unstated), Tamaulipas 

(Matamoras, Tampico, Victoria), Vera Cruz 

(Tuxtla, locality unstated). Paratypes were 

intercepted at the following United States 
quarantine stations: California (Los Ange- 

les, San Pedro, San Ysidro), Illinois (Chi- 

cago), New York (John F. Kennedy Inter- 

national Airport), Texas (Brownsville, 

Dallas, Eagle Pass, El Paso, Laredo, Nogal- 

es, San Antonio). 
In the collections listed there are 16 third- 

instar, six second-instar and seven first-in- 

star larvae. 

The holotype and most paratypes of P. 

chamaedoreae are deposited in the collec- 

tion of the National Museum of Natural 
History (USNM), Beltsville, Maryland. 

Other paratypes are in California Depart- 

ment of Food and Agriculture, Sacramento; 
Florida State Collection of Arthropods, 

Gainesville; and Department of Entomol- 

ogy, The Natural History Museum, Lon- 

don, England. 

Discussion.—In pupal cases of Paraleu- 

rolobus chamaedoreae, the cephalic, meso- 

and metathoracic setal bases are prominent 
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in bleached specimens. A minute, dark dot 
was the only evidence of setae that I ob- 

served in these setal bases. In earlier instars 

these setal bases have minute setae in the 

first and third instars and elongate ones in 

the second instar. When the first-instar lar- 

vae are closely appressed to the second-in- 

star larvae, it is virtually impossible to de- 

termine from which form the long setae arise 

and to correctly interpret some other struc- 

tures. The elongate antennae of first-instar 

larvae are in sharp contrast to the short an- 

tennae of the second- and third-instar lar- 

vae. The number of disk pores with asso- 

ciated porettes and disk pores without 

associated porettes varies greatly in pupal 

cases and in the larval instars. 

There was no evidence of adult whiteflies 

or parasitoids in the numerous pupal cases 

I examined. 

Paraleurolobus chamaedoreae differs from 

P. imbricatus in its smaller size, dark color, 

different ornamentation of the dorsum, 

presence of eye spots, distribution of pores 

and characteristics of the vasiform orifice. 
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THE EGG-BURSTER OF THE FLATID PLANTHOPPER 
METCALFA PRUINOSA (SAY) (HOMOPTERA, FULGOROIDEA)* 
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Abstract. —The egg-burster of Metcalfa pruinosa (Say), a nearctic flatid recently recorded 

from Italy, is described and illustrated by drawings, light stereomicroscope photographs 

and SEM micrographs. The egg-burster is located on the frontal region of the embryonic 

cuticle and is composed of two subparallel elongated blades with very sharp serrated edges. 

After hatching, the embryonic cuticle remains shriveled on the empty eggshell. 

Key Words: Rhynchota, Auchenorrhyncha, Flatidae, embryonic cuticle, hatching 

Hatching in insects is effected in various 
ways, as extensively summarized by Hinton 

(1981). The larva’s escape from the egg is 

often facilitated by special structures called 

“ego-bursters.’’ Formed of spines, teeth or 
blades, the egg-burster may appear on the 

hatching larva, as it does in most nematoc- 

erous Diptera, Siphonaptera and Coleop- 

tera (Richards and Davies 1977), or it can 

be borne on the middle of the head of the 

embryonic cuticle, as in Ephemeroptera, 

Psocoptera, Mallophaga, and Neuroptera 

(Hinton 1981). 

This embryonic cuticle (Wigglesworth 

1939), also known as the “hatching mem- 

brane” (Snodgrass 1935), is a thin cuticular 

sheath enveloping the embryo. It occurs in 

most exopterygotes, in some endoptery- 
gotes, and in other arthropods such as 
Arachnida, Crustacea, Chilopoda and Di- 

plopoda (Snodgrass 1935). 

In this paper the egg-burster of Metcalfa 
pruinosa (Say) is described. This flatid 

planthopper of nearctic origin was recently 

* Research supported by grants of M.U.R.S.T. 60%, 

1993. 

accidentally introduced into Italy (Zangheri 

and Donadini 1980). The species is spread, 

to date, in North and Central Italy as far as 

Lazio and feeds on a wide variety of wild 

and cultivated plants (Duso and Pavan 

1987). 
This work seems to represent the first de- 

scription of a flatid egg-burster in detail, 
even though Muir and Kershaw (1912) hint- 

ed at the presence of an egg-burster in the 

flatid Siphanta acuta. As concern other Ful- 

goroids, Cobben (1968) mentioned the pres- 

ence of similar structures in Cixiidae, Del- 

phacidae and Lophopidae. 

METHODS 

Eggs of M. pruinosa were field collected 

during early spring in the vicinity of Pisa, 

Italy. Eggs, still attached to flakes of bark, 
were placed in Petri dishes under laboratory 

conditions (18 to 20°C, R.H. about 70%). 

Progress in egg development was followed 

daily. Mature embryos used for scanning 

electron photographs were preserved in 70% 

ethanol, dehydrated in a graded ethanol se- 

ries, dried by critical point method in a Bal- 

zers CPD 020 apparatus, and gold coated 

in an Edwards S 150B sputter coater. Ob- 
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Fig. 1. 

servations and photographs were made with 

a Zeiss Tessovar photostereomicroscope and 

a SEM Philips 505 B. 

RESULTS AND DISCUSSION 

M. pruinosa is univoltine in Italy, over- 
wintering in the egg stage (Zangheri and 

Donadini 1980). This behavior is similar to 

that reported for its native range (Dean and 

Bailey 1961, Wilson and McPherson 1981). 

In summer and early fall in Tuscany, Italy, 
dorsoventrally flattened eggs are laid singly 

in slits just under the bark of the host trees. 

They begin to hatch by early May the fol- 

Metcalfa pruinosa (Say). Ventral (A) and lateral (B) view of mature embryo enveloped in the embryonic 

cuticle (ec). The latter shows the egg-burster (eb) on the frontal region. 

lowing year, and reach the adult stage, 

through five larval instars, in about 45 days 

(Lucchi and Santini 1993). Incubation of 

the egg between deposition and hatching 

lasts 240-300 days. During this period the 

egg is exposed to many environmental haz- 

ards from which it is protected by a very 
tough and thick eggshell. But this eggshell 

represents a serious obstacle at hatching time 

because of the embryo’s lack of mandibles. 

In M. pruinosa a well developed egg-burster 

lying on the frontal region of the embryonic 

cuticle (Fig. 1) breaks through the eggshell. 

The embryonic cuticle, itself entirely sur- 
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Fig. 2. 

cuticle (x 372); B) a detail of the egg-burster edge with blade teeth in evidence (x 2200); C) an egg just after 

hatching (x 120) and D) detail of the cut produced by the egg-burster (x 300). 

rounded by the eggshell, is a very thin pel- 

licle provided with pouches ensheathing all 

appendages of the embryo. This is frequent- 

ly the case within the Homoptera, even 

though in aphids the embryonic cuticle takes 

the form of a simple sac lacking extensions 

over the appendages (Snodgrass 1935). The 

midfrontal region of the embryonic cuticle 

of M. pruinosa is provided with a sclero- 

tized egg-burster (Fig. 1). This egg-burster 

(about 0.3 mm in length) consists of two 

subparallel blade-shaped structures, one on 

each side of the median line, which are 

proximally convergent and present very 

sharp and serrated edges (Fig. 2A, B). At 

hatching time, the young larva, by muscular 

exertions, pushes the egg-burster against the 

inside of the eggshell until it finally pierces 

Metcalfa pruinosa (Say). SEM micrographs of: A) lateral view of the egg-burster on a shed embryonic 

through. Following appropriate movements 

of the hatching larva’s head, the egg-burster 

produces a longitudinal slit through the egg- 

shell (Fig. 2C, D). 

The larva rapidly exits the egg through 

the slit (Fig. 3A) while the embryonic cuticle 

simultaneously splits over the head. By 

means of vigorous muscular activity, the 

larva completes hatching within a few min- 

utes (Fig. 3B). The ruptured embryonic cu- 

ticle is then shed and left shriveled, together 

with the egg-burster, on the empty eggshell 

(Fig. 2C). This process, known as the “‘in- 

termediate moult” (Chapman 1969), occurs 

in most insects, even though in grasshop- 

pers and cicadas the embryonic cuticle is 

retained as protection during the first larval 

movements and is shed shortly afterwards 
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Fig. 3. 

in the embryonic cuticle which bears the egg-burster on the frontal region and B) just after shedding of the 

embryonic cuticle. 

(Snodgrass 1935). In the case of M. prui- 

nosa, the embryonic cuticle, once divested, 
is free on the outside of the egg and easily 

lost through atmospherical events. This is 

different from the situation in Heteroptera 

in which the embryonic cuticle is divested 

and remains within the eggshell (Chapman 

1969). 

As concern the other Flatids, Muir and 

Kershaw (1912), as above mentioned, hint- 

ed at the presence of an egg burster in S/- 

phanta acuta. In this case the structure is 

defined as a thickening of the cephalic por- 

tion of the embryonic cuticle, but its mor- 

phological detailed description is unfortu- 

nately missing. 

In conclusion, within Fulgoroidea very 

little information is available to date on this 

peculiar structure. Further studies on the 
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Metcalfa pruinosa (Say). Two successive phases of hatching of a young larva (x 40): A) still enveloped 

specific subject might be very useful also for 

taxonomic purposes within the Superfam- 

ily. 
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Abstract. —Diadasina distincta Holmberg is a solitary, multivoltine, and philopatric 

anthophorid bee that nested in aggregations on a vegetation-free dirt road in direct sunlight. 

Nests were provisioned by each female, and there were no burrow connections. Despite 

that 63 different pollen types had been found in the nests, D. distincta is oligolectic 
preferring Ludwigia suffruticosa L. (Onagraceae). Mating was promiscuous with males 
strongly competing for mates. Adults appeared sensitive to low light intensity, lowering 

nesting and mating activities during cloudy days. Females remained in their burrows at 

night and males probably in the surrounding vegetation. Nests were heavily parasitized 

by an Anthrax sp. (Bombyliidae) and by Leucospis genalis Boucek (Leucospidae). Both 

bee and parasite prepupae of the previous generation remained dormant in the cells from 

October to February. 

Key Words: 

Anthrax, Bombyliidae 

The biology and behavior of neotropical 

solitary and presocial bees are poorly known. 

In Brazil, there have been some studies on 

biocoenotic structure (Sakagami et al. 1967, 

Laroca et al. 1982), some aspects of nesting 

biology of several species (von Ihering 1905), 

habitat selection by gregarious nesters of 

earthen banks (Michener et al. 1958) and 

their nesting behavior (Michener and Lange 

1957, 1958 a, b, c, d, e; Michener and Sea- 

bra 1959; Sakagami and Moure 1967; Sak- 

agami et al. 1967). Except for the study on 

nest spatial distribution patterns (Martins 

and Figueira 1992) and the survey record 

in the state of Rio Grande do Sul (Wittman 

and Hoffman 1990), there are no studies on 

the biology and nesting behavior of D. dis- 

tincta. We present here data on the biology 

and associate organisms of D. distincta. 

Diadasina distincta, Anthophoridae, nesting behavior, life-cycle, parasitism, 

MATERIAL AND METHODS 

Observations were made at the Estacao 

Ecologica do Campus da Universidade Fed- 

eral de Minas Gerais (UFMG), Belo Hori- 

zonte, Minas Gerais, Brazil, from January 

1991 to October 1992. The individual’s dai- 

ly and monthly activities at the aggregation 

were ascertained by observation two days 

per week from March to August 1991, to- 

taling 180 h. In the following months the 

observations were done opportunistically in 

the higher activity period between 11:00 and 

15:00 h, for a total of 150 h. 

The average monthly temperature and to- 

tal monthly rainfall records were from the 

Estacao Climatologica do Ministerio da 
Agricultura in Belo Horizonte. 

Twenty nests were excavated to verify the 

existence of cell or burrow connections. Sol- 
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Fig: 1: Turret morphology of D. distincta. 

ubility degree for water was determined 

submerging two cells in water for 10 min 

and two others for 24 h. The nest depths 

and turret sizes were measured with a cal- 

iper. We excavated three 20 cm? samples 

from which we obtained 186 cells that were 

measured and kept in vials at 25°C and 12 

hours photoperiod until bee or parasite 

emergence. Averages and standard devia- 

tions were calculated for all the measure- 

ments. 
In September, November, and January 

we excavated 10 nests each month to as- 

certain the developmental stages of both bees 

and parasites. We opened 100 cells in the 

laboratory to analyze their contents, and ob- 

served the post-emergence behavior of 10 

males and 20 females of D. distincta. 

Voucher specimens of D. distincta are de- 

posited in the Snow Hall Museum of En- 

tomology of the University of Kansas and 

in the Laboratorio de Ecologia e Compor- 

tamento de Insetos do Depto. de Biologia 

Geral da Universidade Federal de Minas 

Gerais (UFMG), in which are also depos- 

ited voucher specimens of associated in- 

sects. 

RESULTS 

Nesting behavior 

The nesting site was in a vegetation-free 

dirt road in direct sunlight. Females exca- 

vated their isolated nests in dry and com- 

pact sandy soil, softened with water brought 

to the nests in their crops. The nests were 

lcm 

Fig. 2. Nest structure of D. distincta showing ver- 

tical cell and nest entrance closures. (natural size, no 

turret). 

excavated with the mandibles and the soil 

pushed out by hind legs and abdominal 

movements. The soil pellets were then 

pushed out by the hind legs and remained 

scattered around the nests entrances (Fig. 

1). Each bee built also a curved turret at the 

nest entrance (Fig. 1). These turrets were 

frequently rebuilt when destroyed by rain- 

fall or when bees were excavating or pro- 

visioning the burrow. Complete nests (n = 

15) were 4.0 + 0.3 cm vertical one-celled 

burrows with a 0.9 + 0.2 cm in diameter 

(Fig. 2). Cells (n = 64) were 0.79 + 0.07 cm 

in diameter and 1.05 + 0.07 cm in length. 

We estimated that there were 12,400 nests 

in the 4000 cm? aggregation, based on the 

186 cells we found in our sample of 60 cm’. 

This aggregation has persisted for at least 5 

successive years at the same site. H. R. Pi- 

menta (pers. comm.) first recorded the ag- 

gregation in 1988, 1989, 1990. Burrow and 

cells were molded by the female pygidium 

which tamped the soil. Thus both burrow 

and cells walls become very smooth. The 

larvae lined the cell walls with a layer of 

fecal material overlapped by a thin cello- 

phane-like layer of netlike silk threads that 

waterproofed the cells. Both cells sub- 
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mersed in water for 10 min and 24 hours 
showed no water infiltration in the larval 

chamber. Although the nests were located 

side by side and distributed in a regular 
fashion (Martins and Figueira 1992), there 

were mistakes by bees when they returned 

from provisioning trips, i.e. bees entered the 

wrong nests. However, shortly afterward, 

such bees returned to their own nests. De- 

spite nest proximity there were no internest 

connections. 

Nests were individually provisioned by 

females with pollen of 63 plant species. 

Nevertheless, only 5 types had frequencies 

higher than 5% in the samples. Among these 

types, Ludwigia suffruticosa L. (Onagra- 

ceae) had frequencies from 60% to 99%. 

Therefore, D. distincta is an oligolectic bee 

preferring L. siffruticosa (Martins and Bor- 

ges, Manuscript in preparation). 

The pollen, carried on rigid hairs of the 

scopa of hind legs, was molded into a ball 
in each cell, then an egg was laid beneath it 

on the floor of the cell. Eggs measured 1.86 

+ 0.14 mm (n = 3) in length. Bees filled 

only one fourth of the burrow before closing 

nest entrances with moist soil (Fig. 2). 
Sometimes, when turrets had not been de- 

stroyed by winds or rainfall, females closed 
the nests keeping the turret intact. Some 

females were observed initiating another 

nest shortly after completion of previous 

nests. The prepupae of D. distincta are flac- 

cid, the larvae do not spin cocoons, and the 

cells are very strong. 

The egg-adult development time ob- 

served in the field was 27.29 + 2.24 days 

(n = 25), and there were at least three over- 

lapping generations between February and 

October in this philopatric species. 

Male patrolling and mating 

Females slept in nests and males probably 

slept on the surrounding vegetation on which 

they also rested between patrolling periods. 

The males patrolled the aggregation on sun- 

ny days between 8:00 and 15:00 h, the peak 

of activity being around 11:00 h (n = 15 

days). They were very sensitive to low light 

intensity. The patrolling flights quickly de- 
clined and stopped on cloudy days, or when 

the shadow of the observer fell on the ag- 

gregation. Then the males flew to the veg- 

etation, where they waited for bright sun. 

Mating in D. distincta seems to be pro- 

miscuous. Several males strongly compete 

for females. Newly emerged females and fe- 

males provisioning nests were equally pur- 

sued. Males mounted the female’s back, 

gripped her neck with his forelegs and her 

body with his middle and hind legs. Cop- 

ulation lasted 38.06 + 2.97 seconds (n = 

30). 

Most of the copulations occurred at nest 

entrances, and once a female was gripped 

by a male, two to five males may try to 

dislodge the successful one. The group may 

roll on the ground like a ball. In the labo- 

ratory, newly emerged males and females 

opened their own cell closures with their 

mandibles, emerging head first. A minute 

later they initiated copulation. 

Nesting dynamics and life-cycle 

The adult bees emerged at the end of the 

rainy season, and the nesting activities oc- 

curred during February to October, the drier 
and colder months of the year (Figs. 3, 4). 

The reproductive peak was in June, and no 

adults could be found from October to Feb- 
ruary, when the bees and their synchronized 

parasite prepupae are dormant in the cells. 

This oligolectic bee’s life-cycle seems to be 

related to pollen availability, because its re- 

productive period is synchronized with the 
flowering period of its preferred host plant 

L. suffruticosa (as suggested by pollen anal- 

ysis of cell contents). This plant is very 

abundant in a swamp within 50 m of the 

nesting site. 

Aggregation dynamics 

The aggregation-growing dynamics are 

quite interesting. Because nests were quick- 

ly built in close proximity and regularly dis- 

tributed (Martins and Figueira 1992), the 
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Fig. 3. Activity level of D. distincta and rainfall variation at the Ecological Station of UFMG BH/MG/Brazil. 

aggregation seemed to run in a “nesting 

wave,” changing the direction when the nests 

were been constructed after rains or when 

it met vegetation. Around 400 m from the 

principal aggregation, there were 12 newly 

initiated sites, including from one to 200 

nests, but these aggregations never grew like 

the principal one. In the 600 ha of the 

UFMG Campus only the principal aggre- 

gation persisted for several years. Patrolling 

males were less present in the incipient ag- 

gregations, and the primary parasite, 4n- 

thrax sp., was frequently found flying or 

perching near them. 

Mortality factors and 

associate insects 

Diadasina distincta was heavily parasit- 

ized by an Anthrax sp. (Bombyliidae). The 

rate of parasitism could be calculated be- 

cause the Bombyliidae puparia remains in 

the burrow after the flies emerge. Because 

we were unable to distinguish among ag- 

gregations of different size, 1t was impossi- 

ble to relate the level of parasitism to ag- 
gregations of different sizes. However, in a 

somewhat isolated part of the aggregation, 
we observed that 25 out of 30 nests were 

parasitized by Anthrax sp. This evidence for 
the high intensity of parasitism is circum- 

stancial. 

The parasitizing behavior of Anthrax sp. 

is very similar to that of other bombyliids 

that parasitize solitary bees. Female flies pa- 

trolled the aggregation, hovered around 

nests, and twisted their abdomens to ovi- 

posit into the nest entrances. We do not 

know how the bombyliid larvae enter the 

bee cells. However, it seems like they would 

have to reach the cell before the bee securely 

closes the nest. 

Leucospis genalis (Leucospidae) 1s anoth- 

er important parasite, but it seems to have 

a lower impact on the bee population than 

the bombyliid. The behavior of L. genalis 
was different from that of the bombyliid. 
Females flew around the nests, landing near 
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Brazil. 

the turrets. Then they entered the nests 

through turret entrances while bees were 

away on provisioning trips. Sometimes a 

bee returned to the nest and met the parasite 

inside. Then it was aggressively pushed out 

by the bee. We observed two other bom- 

byliid species rarely visiting the aggregation; 

however, we reared only Anthrax sp. and L. 

genalis in the laboratory. 

Aggregation-associated ant lion larvae 

caused no detectable interference with the 

bees. Unusually heavy and persistent rains 

during January 1992 (513 mm) eroded the 

nesting site and exposed cells. Consequent- 

ly, some D. distincta dormant prepupae and 

nest parasites were killed by desiccation or 

by patrolling ants such as Solenopsis sp. 

An unidentified Crematogaster sp. invad- 

ed some nests (n = 5) and probably killed 

the bee or parasite larvae. A_ predator 

Apiomerus sp. (Reduviidae) was observed 

picking up a female at the nest entrance (H. 

R. Pimenta, pers. comm.). Termites built 

their subterranean nests below the aggre- 

Activity level of D. distincta and temperature variation at the Ecological Station of UFMG/BH 

gation, but we do not know the kind and 

degree of interference they had on the ag- 

gregation dynamics. Occasionally the nests 

(n = 4) of another anthophorid bee, Pti/o- 

thrix plumata Sm., were taken over by D. 

distincta. 
Trypoxylum aureovestitum Taschenberg 

(Sphecidae) was commonly seen flying and 

entering into the nests of D. distincta. An 

individual of 7. aureovestitum entered many 

times one provisioning nest, picking up pol- 

len with the mandibles scattering it around 

the nest. We excavated a nest with entrance 

closed with mud quite different from D. dis- 

tincta’s closures. Inside we found two spi- 

ders and an egg. Thus the evidence is strong 

that 7. aureovestitum can use D. distincta 

nests. However, we do not know its impact 

on the nesting dynamics of D. distincta. 

A leaf-cutting bee Megachile neoxan- 

thoptera Cockerell female built a cell inside 

a D. distincta burrow. However, this is only 
a general association between them because 

this leaf-cutter bee also uses other Antho- 
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phoridae and termite burrows, as well crev- 

ices in the soil, for nesting. 

DIsCcUSSION AND CONCLUSIONS 

Diadasina Moure has been placed as a 

subgenus of Diadasia (Michener 1979). 
Specimens we sent to Michener were iden- 

tified as Diadasina distincta by A. Roig-Al- 
sina. Thus Roig-Alsina and Michener be- 

lieve that Diadasina is a valid genus. 
However, we found only reference to Dia- 

dasia in the Roubik’s (1989) book about 

tropical bees. 

Because there are no available data on the 

biology of Diadasina species, except for the 

records of D. distincta, D. riparia (Ducke) 

and Diadasina sp. in the state of Rio Grande 

do Sul (Wittmann and Hoffman 1990) and 

on the spatial distribution of nests (Martins 

and Figueira 1992), it is useful to compare 

the biology of D. distincta with related spe- 

cies of Diadasia for which there are some 

data. 

Nests in D. distincta, as in most Em- 

phorini (C. D. Michener, pers. comm.) are 

usually one-celled, and the burrows are 

shorter than those of Diadasia species. Spe- 

cies of the latter build linear series of cells 
in burrows branching from the terminus of 

the main burrow (Stephen et al. 1969). 

There is high variability in the shape of 
the turrets among species of Diadasia (Ste- 

phen et al. 1969). The turrets of D. distincta 

differ in details from those of Diadasia spe- 

cies, which are vertically or horizontally 

straight in D. olivacea Cockerell and D. en- 
avata (Cresson), compared with smoothly 

curved in D. distincta. Like D. distincta, 
among the species of Diadasia only D. con- 

sociata Timberlake does not build a tu- 

mulus around the turrets (Stephen et al. 

1969). Like in other ground-nesting bees 
(Stephen et al. 1969), a secreted thread-like 

material is used to waterproof cells. Most 

Emphorini larvae on maturity line their cells 

with a layer of fecal material and spin a very 

thin cocoon (C. D. Michener, pers. comm.). 

Despite that D. distincta females lined their 
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cells with fecal material, the larvae do not 

spin cocoons. 

The rebuilding of the turret after damage 

is variable among solitary bees (Stephen et 

al. 1969). While building the burrow and 
provisioning the nest D. distincta always re- 

builds the turret after any kind of damage. 

However, like other authors (see Stephen et 

al. 1969), we do not know the turret’s func- 

tion. The turret did not prevent intense par- 

asitism by Anthrax sp. in D. distincta, nor 

parasitism by L. genalis (first record for Dia- 

dasina) whose females enter the nests 
throughout turrets. Otherwise, Diadasia bi- 
tuberculata (Cresson) is heavily parasitized 

by the bombyliid Villa sp. (Linsley 1958) 

and there is no record of Leucospis parasit- 

izing species of Diadasia (see Stephen et al. 

1969, Roubik 1989). 
Apiomerus reduviids are well-known 

predators of solitary bees on flowers (Lin- 

sley 1958, Roubik 1989). Predation at nest 

entrances has also been observed (Roubik 

1989). Linsley (1958) observed mutillids 

parasitizing species of Diadasia. Although 

several species were present at the study site 

we did not observe parasitizing nests. 
Because no incipient aggregation had been 

enlarged and males rarely patrolled them, 

we supposed that the aggregation formation 

and persistence could be dependent on the 

frequency of patrolling males. In spite males 

do not patrol aggressively the aggregation, 

the presence of a number of males flying on 
the aggregation could prevent flies from ap- 

proaching the provisioning nest; thus re- 

ducing parasitism success (see Martins and 
Figueira 1992). From this hypothesis we 

would expect to find an inversely-density 

dependent parasitism. However, more data 

are called for in our attempt to understand 

the parasite functional response. 

Males of some bees wait to mate with 

females on individual flowers. One example 

of this for Diadasia australis (Cresson) on 

cactus flowers was recorded by R. Brooks 

(Eickwort and Ginsberg 1980). 

As in other bee species (Eickwort and 
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Ginsberg 1980), in D. distincta the lack of 

male aggressivity in patrolling the aggrega- 

tions allow other males to do the same. As 
in other bees, such as Diadasia rinconis 

Cockerell (Ordway 1987), when a receptive 

female of D. distincta is encountered by one 

male, other males will also attempt to cop- 

ulate with her, resulting in a tumbling mass 

of males surrounding the female. However, 
copulation in D. rinconis lasts several min- 

utes, whereas in D. distincta it lasts only a 

few seconds. 
The life history and nesting biology of D. 

distincta is similar in some respects to Dia- 

dasia rinconis that nests in Arizona and 
Texas (Ordway 1987). Both species nest in 

dense aggregations. The egg-adult period 

lasts about 20 days in D. rinconis and 27 

days in D. distincta. Adults emerge from the 

ground and mate from 09:00 h to noon in 

the same dry months of the year (see Figs. 
3 and 4 in this study and fig. 2 in Ordway 

1987). But, “... it is unlikely that females 
of D. rinconis could nest in hard dry soil in 

late May and June because newly construct- 

ed cells were consistently found in moist soil 

(Ordway 1987).” Conversely, females of D. 

distincta nested actively in the hard dry soil 

because they softened it with water gathered 

in their crops. Moreover, some D. rinconis 

pupae and adults apparently remained dor- 

mant in their cells until the next year, sim- 

ilar to the prepupae of previous generation 

of D. distincta, and in the univoltine Dia- 

dasia opuntia Cockerell (Ordway 1987). 

These species became dormant in different 

stages of development by using the same 

strategy to circumvent unfavorable weather 

or food scarcity period. Nevertheless, it is 

more likely that food scarcity is the primary 

factor preventing all year reproduction in 

D. distincta because it is an oligoletic spe- 

cies. 
Except for Diadasia afflicta (Cresson), 

which is bivoltine, D. rinconis and other 

known species of Diadasia are univoltine. 
Although D. distincta was found to be mul- 

tivoltine, its reproduction is seasonally con- 

strained, probably by lack of preferred food 

(Martins and Borges, manuscript in prepa- 

ration). Considering that both species could 
be exposed to similar selective pressures and 

that the reproduction in D. distincta is sea- 

sonal, it is unknown why Diadasia species 
evolved univoltinism and D. distincta mul- 

tivoltinism. Lowering of the egg-adult time 

of development Diadasia spp. would select 

for multivoltism. Using the same reasoning, 

Matthews (1991) asked why among tem- 

perate-zone sphecid wasps the most wide- 

spread condition is univoltinism, since there 

is ample time for the development of a sec- 
ond and even a third generation. 

The evidence for dormancy in the trop- 

ical Hymenoptera is very scant (Denlinger 

1986). The only case cited by Denlinger 

(1986) in the Aculeata is for the anthopho- 

rid Epicharis zonata Lepetelier. We suspect 

that dormancy in the tropical Hymenoptera 

is more common than previously supposed 

because we have evidence for prepupal dor- 

mancy in three sphecid and two other sol- 

itary ground nesting bees (Martins 1993, 

Martins and Almeida, manuscript 1n prep- 

aration). 

ACKNOWLEDGMENTS 

C. D. Michener and M. L. T. Buschini 

criticized an earlier version of the manu- 
script. We thank two anonymous reviewers 

for their useful comments. A. Roig-Alsina 

identified D. distincta, C. D. Michener P. 
plumata, Z. Boucek L. genalis and N. Ev- 

enhuis Anthrax sp.; S. T. P. Amarante 7. 

aureovestitum and Pe. J. S. Moure M. ne- 

oxanthoptera. H. F. Leitao Filho identified 

L. suffruticosa. We thank zoologist Myrian 

M. Duarte for the drawings. H. R. Pimenta 

helped with field observations. This re- 

search was supported in part by a CPq- 

UFMG Grant 23072022065/91 to R. P. 
Martins. We also thank the Brazilian CNPq 

for the research scholarships. This paper is 

a contribution of the Graduate Program in 

Ecology, Conservation and Wild Life Man- 



560 

agement of the Universidade Federal de Mi- 
nas Gerais, Belo Horizonte, Brazil. 

REFERENCES 

Bortoli, C. de and S. Laroca. 1990. Estudo biocenoti- 

co em Apoidea (Hymenoptera) de uma Area res- 

trita em Sao José dos Pinhais (PR, Sul do Brasil) 

com notas comparativas. Dusenia 15: 1-112. 

Denlinger, O. L. 1986. Dormancy in tropical insects. 

Annual Review of Entomology 31: 239-264. 
Eickwort, G. C. and H. S. Ginsberg. 1980. Foraging 

and mating behavior in Apoidea. Annual Review 

of Entomology 25: 421-446. 

Ihering, R. von. 1905. Biologia das abelhas solitarias 

do Brazil. Revista do Museu Paulista 6: 239-264. 

Laroca, S., J. R. Cure, and C. Bortoli. 1982. A as- 

sociacao de abelhas silvestres (Hymenoptera: 

Apoidea) de uma area restrita no interior da cidade 

de Curitiba (Brasil): Uma abordagem biocenotica. 

Dusenia 13(3): 93-117. 

Linsley, G. L. 1958. The ecology of solitary bees. 

Hilgardia 27: 453-599. 

Matthews, R. W. 1991. Evolution of social behavior 

in sphecid wasps, pp. 570-602, Jn Ross, K. G. and 

R. W. Matthews, eds., The Social Biology of Wasps. 

Comstock Publishing Associates, Ithaca. 

Martins, R. P. 1993. The biology of Editha magnifica 

(Perty 1834) (Hymenoptera: Sphecidae). Tropical 

Zoology 6(1): 109-123. 

Martins, R. P. and J. E. C. Figueira. 1992. Spatial 

distributions of nests in Diadasina distincta (Hy- 

menoptera: Anthophoridae). Journal of Insect Be- 

havior 5(4): 527-529. 

Michener, C. D. 1979. The biogeography of the bees. 

Annals of the Missouri Botanical Garden 66: 227- 

347. 

Michener, C. D.and R. B. Lange. 1957. Observations 

on the ethology of some Brazilian colletid bees 

(Hymenoptera: Apoidea). Journal of the Kansas 

Entomological Society 30: 71-80. 

. 1958a. Observations on the behavior of Bra- 

zilian halictids bees. I. Pseudagapostemon. Annals 

of the Entomological Society of America 51: 155- 

164. 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

. 1958b. Observations on the behavior of Bra- 

zilian halictid bees. II. Paraxystoglossa jocasta. 

Journal of the Kansas Entomological Society 31: 

129-138. 

. 1958c. Observations on the behavior of Bra- 

zilian halictid bees. III. University of Kansas Sci- 

ence Bulletin 39: 473-505. 

. 1958d. Observations on the behavior of Bra- 

zilian halictid bees. V. Chloralictus. Inséctes So- 

ciaux 5: 379-407. 

. 1958e. Observations on the ethology of Neo- 

tropical anthophorine bees (Hymenoptera: An- 

thophoridae). University of Kansas Science Bul- 

letin 39: 69-96. 

Michener, C. D., R. B. Lange, J. J. Bigarella, and R. 

Salamuni. 1958. Factors influencing the distri- 

bution of bees nests in earth banks. Ecology 39(2): 

207-217. 

Michener, C. D. and C. Seabra. 1959. Observations 

on the behavior of Brazilian halictids bees. VI. 

Tropical species. Journal of the Kansas Entomo- 

logical Society 32: 19-28. 

Ordway, E. 1987. The life history of Diadasia rin- 

conis Cockerell (Hymenoptera: Anthophoridae). 

Journal of the Kansas Entomological Society 60(1): 
15-24. 

Roubik, D. W. 1989. The Ecology and Natural His- 

tory of Tropical Bees. Cambridge University Press. 

514 pp. 

Sakagami, S. F. and J. S. Moure. 1967. Additional 

observations on the nesting habits of some Bra- 

zilian halictids bees. (Hymenoptera: Apoidea). 

Muschi 40: 119-138. 

Sakagami, S. F., S. Laroca, and J. S. Moure. 1967. 

Wild bee biocoenotics in Sao José dos Pinhais 

(PR). South Brazil. Preliminary report. Journal of 

the Faculty of Hokkaido University, Ser. VI, Zool. 

16: 253-271. 
Stephen, W. P., G. E. Bohart, and P. F. Torchio. 1969. 

The biology and external morphology of bees. Ag- 

ricultural Experimental Station, Oregon State 

University. 140 pp. 

Whittman, D. and M. Hoffman. 1990. Bees of the 

Rio Grande do Sul, Southern Brazil (Insecta, Hy- 

menoptera: Apoidea). Inheringia, Ser. Zoologica 

70: 17-43. 



PROC. ENTOMOL. SOC. WASH. 
96(3), 1994, pp. 561-565 

A NEW SPECIES OF ERIXESTUS 
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Abstract. —Erixestus zvygogrammae Cave and Grissell, n. sp., is described from Hon- 

duras. This species is an endoparasitoid of the egg stage of Zygogramma magica Stal 

(Chrysomelidae), an herbivore of Tithonia tubaeiformis (Jacquin) Cassini (Asteraceae). 

Erixestus zvygogrammae is compared with the known species of the genus: E. pachyneuron 

Grissell and De Santis and E. winnemana Crawford. 

Resumen. —Se describe Erixestus zygogrammae Cave y Grissell, n. sp., de Honduras. 

Esta especie es un endoparasitoide ovifago de Zygogramma magica Stal (Chrysomelidae), 

un herbivoro de Tithonia tubaeiformis (Jacquin) Cassini (Asteraceae). Se compara E. 

zygogrammae con las otras especies conocidas del género: E. pachyneuron Grissell y De 

Santis y E. winnemana Crawford. 

Key Words: 

Chrysomelidae 

The genus Erixestus was described by 

Crawford (1910) and for many decades con- 
tained only the single species FE. winnemana 

Crawford which is distributed in the north- 

eastern Nearctic region. Recently Grissell 

and De Santis (1987) expanded that range 

to Idaho and New Mexico and described a 

second species, FE. pachyneuron Grissell and 

De Santis, which is known only from Ar- 

gentina. Both species were reported from 

eggs of a species belonging to the chry- 

someline genus Calligrapha (Grissell and De 

Santis 1987), and more recently Erixestus 

winnemana was reported from Zygogram- 
ma exclamationis (F.) (Chrysomelidae) in 

Canada (Charlet 1992: identification of wasp 

by Grissell). 

While conducting inventories of arthro- 

pods in Honduran agroecosystems, one of 

us (RDC) discovered a species of Erixestus 

Insecta, Pteromalidae, Erixestus zygogrammae, new species, parasitoid, 

parasitizing eggs of Zygogramma magica 

Stal, which is an herbivore of the composite 

Tithonia tubaeiformis (Jacquin) Cassini. Ti- 

thonia tubaeiformis is a frequent weed in 

cultivated and open areas in Honduras from 

August to December (Pitty and Munoz 

1991). During this same period, Z. magica 

is often encountered on the host plant, de- 

positing its eggs singly on the underside of 
leaves (RDC, pers. obs.). 

Grissell and De Santis (1987) commented 

that the genus Erixestus might be more 

widely distributed than records indicated 

because numerous and widespread species 

of Calligrapha were known throughout the 
New World. The occurrence of E. winne- 

mana in Canada and the discovery ofa third 

species of Erixestus in Honduras associated 

with another species of Zygogramma serve 

to reinforce the opinion that the genus is 
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Figs. 1-8. Erixestus spp. 1-3, Faces, frontal view. 1. E. pachyneuron. 2. E. zvygogrammae. 3. E. winnemana. 

4—6, Forewing venation, male, dorsal view. 4. E. pachyneuron. 5. E. zygogrammae. 6. E. winnemana. 7. E. 

zygogrammae, antenna, female, lateral view. 8. E. zygogrammae, forewing, female, dorsal view. 

both widespread and probably less host spe- Erixestus zygogrammae 

cific than previously thought, at least within Cave and Grissell, NEw SPECIES 

the chrysomelines. (Figs. 2, 5, 7, 8, 10, 13) 

In this paper we describe the new species 
Erixestus zygogrammae from Honduras and Female.— Body Length 0.75 to 0.90 mm. 

compare it to E. winnemanaand E. pachy- Shiny black with faint blue reflections on 

neuron. head, sides of thorax, and abdomen. Scape 
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Figs. 9-14. Erixestus spp. 9-11, Propodea, posterior view. 9. E. pachyneuron. 10. E. zygogrammae. sae a 

winnemana. 12-14, Antennae, male, lateral view. 12. E. pachyneuron. 13. E. zygogrammae. 14, E. winnemana. 

dark brown with basal one-fifth often paler. 

Antenna and tegula dark brown. Mandibles 

pale yellow. Legs brown, femora apically 

and tibiae basally paler. Wings hyaline with 

pale brown veins. Body polished except oc- 

ciput, mesoscutum, scutellum and axillae 

faintly alutaceous. 

Head and thorax with sparse, but obvious 

setae (1-2 x as long as diameter of ocellus). 

Eyes glabrous. Pronotal collar with about 

10 setae along hindmargin of anterior ca- 

rina. Midlobe of mesoscutum with 3 pairs 

of setae, middle pair closer together than 

anterior and posterior pair, sidelobes each 
with 6-8, axillae each with 5, scutellum with 
2-3 pairs. Hindcoxae dorsally and propo- 

deum laterally covered with long white se- 

tae. 
Head as wide as thorax. Frontovertex 

width greater than eye height. Clypeus with 

anterior edge bilobed, malar area without 

genal suture; malar distance 1.05 + 0.01 
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(range 1.00 to 1.25, n = 10) intermalar dis- 

tance (Fig. 2). Mandibles each with 4 teeth. 
Posterior ocellus 3 x own diameter from in- 

ner margin of eye. Dorsal edge of occiput 

rounded. Antennae inserted midway be- 

tween median ocellus and free edge of clyp- 

eus; antennal proportions as shown in Fig. 

7, longest seta as long as diameter of flagellar 
segment. Collar of pronotum with anterior 

edge vaguely carinate. Propodeum (Fig. 10) 

with well developed costula and entire plica, 

nearly parallel but angulate medially. Dis- 

tribution of setae on wing as in Fig. 8. Ratio 

of postmarginal : marginal veins 0.78 + 0.06 

(range 0.68—0.86, n = 10), of stigmal : mar- 

ginal veins 0.66 + 0.04 (range 0.59-0.72, n 

= 10). Hindtibial spur ca. half length of ba- 
sitarsus. Petiole of abdomen short, wider 

than long (Fig. 10). Metasoma elongate-oval, 
tapered apically, nearly as long as head and 

thorax together; first three terga subequal in 

length, remainder together shorter than T2. 

Male. —Body length 0.7 to 0.8 mm. Sim- 

ilar to female except as follows: basitarsus 

paler; midlobe of mesoscutum often with 

only 2 pairs of setae; antennal setae more 
abundant (Fig. 13), shghtly longer (1.5 x as 

long as diameter of flagellar segment). Malar 

distance 1.13 + 0.08 (range 1.00 to 1.22,n 

= 10) intermalar distance; ratio postmar- 

ginal: marginal veins (Fig. 5) 0.76 + 0.06 

(range 0.66-0.84, n = 10), of stigmal : mar- 
ginal veins 0.64 = 0.07 (range 0.58-0.76, n 

= 10). 

Type material.—Holotype female, allo- 

type male from HONDURAS: Fco. Mora- 

zan, San Antonio de Oriente, El Zamorano, 
2 Nov 1991, rcol. R. Cave/ex: huevo de 

Zygogramma magica (Chrysomelidae) en 

Tithonia tubaeiformis, deposited in U.S. 

National Museum. Paratypes all from 

HONDURAS with same rearing data as ho- 

lotype: 5 females, 2 males, Feo. Morazan, 
San Antonio de Oriente, Zuncuya, 4 Aug 

1988.20; 2 females, same except 12 Aug 

1988.07. 2 females, Tegucigalpa, San Juan 

del Rancho, 2 Aug 1990.17. 73 females, 75 

males El Zamorano: 9 Oct 1990.03 (2 males), 
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17 Oct 1991.02 (13 females, 15 males), 22 

Oct 1991.02 (27 females, 29 males), 2 Nov 

1991 (33 females, 29 males). Paratypes de- 

posited in U.S. National Museum, Escuela 

Agricola Panamericana Agroecological In- 
ventory, Canadian National Collection, The 

Natural History Museum (London), Florida 

State Collection of Arthropods, and Uni- 

versidad de Costa Rica Museo de Insectos. 

Etymology.—Named for the genus of its 

only known host, Zygogramma magica. 

Biology.—Erixestus zygogrammae is a 

solitary egg endoparasitoid. Unparasitized 

eggs of Z. magica are white, but when par- 

asitized turn yellowish brown when the par- 

asitoid nears completion of its develop- 

ment. The meconium 1s yellow. Emergence 

from the host egg always occurs through the 

pole opposite the meconium. Rates of par- 

asitism in November at El Zamorano vary 

from 45% to 66%. 
Discussion.—Among the 3 known spe- 

cies of Erixestus, E. zvygogrammae appears 

more closely related to the nearctic E. win- 

nemana than to E. pachyneuron so far found 

only in Argentina. Both sexes of E. zyvgo- 
grammae and E. winnemana share the rel- 

atively long stigmal vein which is *3 the 
marginal (less than '2 in E. pachyneuron) 

and the propodeum (Figs. 10, 11) having 

each plica entire but somewhat angulate 

medially (in E. pachyneuron, Fig. 9, plica is 

broken medially by a long, laterally angled 

carina; note that the conspicuous median 

areolet shown in Fig. 9 is not always as dis- 
tinct as indicated). Additionally, males of 

E. zygogrammae and E. winnemana have 

the marginal vein (Figs. 5, 6) narrow (wid- 

ened in E. pachyneuron, Fig. 4) and the an- 

tenna with elongate funiculars (Figs. 13, 14), 

the scape about 1 the length of pedicel + 

flagellum, and the club subequal in width 
(in E. pachyneuron, Fig. 12, funiculars 

quadrate, scape about ' pedicel + flagel- 

lum, and club wider). Finally, in both sexes, 

E. zygogrammae and E. winnemana have 

the legs (including coxae) and scape yellow 

or orange (rarely infused with black), but in 
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E. pachyneuron these areas (and the entire 
antenna) are white. 

Erixestus zygogrammae differs from E. 

winnemana in only one character, namely 

the length of the malar distance relative to 
the intermalar. In FE. zygogrammae (Fig. 2) 

the malar distance is equal to or longer than 

the intermalar distance in both sexes (ave. 

1.1, range 1.0 to 1.25, n = 20, 10 of each 

sex), whereas in E. winnemana (Fig. 3) the 

malar is shorter than the intermalar (ave. 

0.85, range 0.75 to 0.93, n = 20) (even short- 

er in E. pachyneuron (Fig. 1): ave. 0.71, 

range 0.65 to 0.75, n = 20). The relative 

difference between FE. zygogrammae and the 
other two species is somewhat evident in 

the longer face below the eyes when com- 

paring front facial views of the three (cf. 
Figs. 1, 2, 3). The malar distance appears 

to be lengthened by a slight reduction in the 
eye height, though attempts to quantify this 
were not conclusive. In all 3 species, ratios 

of malar distance to eye height are close and 

overlap enough to make this measurement 

of little practical help in distinguishing be- 

tween them. Erixestus zygogrammae ap- 
pears to be shorter in body length than EF. 

winnemana, being 1.0 mm or less (range 
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0.7-1.0), while the latter is generally 1.5 mm 

or longer (range 1.5—2.5). Adult wasp size, 

however, is undoubtedly related to host size, 

so that some care should be taken when 

using size alone to distinguish between spe- 

cies. 
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Abstract.—The genus Celastrina (Lepidoptera: Lycaenidae) includes Holarctic small 

blue butterflies whose larvae feed on the flowers, fruits, leaves, and galls of a diverse 

variety of plants. In North America the Celastrina ladon species complex presently con- 

tains three recognized species (/adon, neglectamajor, and nigra). The versatile Ce/astrina 

ladon consists of eight subspecies and several seasonal forms. Many of these forms are 

biologically distinct allochronic races. The hosts and distributions of the species, subspe- 

cies, and races of the C. Jadon complex in North America are presented. In the West, the 

Celastrina have segregated into seven subspecies, while in the East they have reached 

greater evolutionary diversity and formed several species and several seasonal races. It 

appears that host shifts, associated with changes in adult season or habitat preference, 

may have played a major role in the historical evolution of the species and races of the 
C. ladon complex. 

Key Words: Host races, Lycaenopsis, distribution, asynchronous, evolution, phytoph- 

agous, Polyommatini, sympatric speciation 

Host plant adaptation is believed to have 

had a major role in the evolution of phy- 

tophagous insects (Walsh 1864, Jermy 1984, 
Strong et al. 1984). Some insect host races 

feature differences in rates of adult matu- 
ration, which result in asynchronous mating 

periods and genetic isolation (Wood and 

Guttman 1983, Bush 1969, Phillips and 

Barnes 1975, Knerer and Atwood 1973, 

Smith 1988). Such allochronic examples 

may be incipient species. Seasonal isolation 

therefore may play as important a role as 

host differences in the evolution of species 

in sympatry (Smith 1988, Wood and Keese 
1990, Wood et al. 1990). 

Celastrina are small blue butterflies whose 

larvae feed mainly on the flowering parts of 

a broad variety of plants. Three North 

American species are currently recognized: 

Celastrina ladon (Cramer, Celastrina ne- 

glectamajor Opler & Krizek, and Celastrina 
nigra (Forbes) (= ebenina Clench) (see Cra- 

mer 1780, Forbes 1960, Clench 1972, Opler 

and Krizek 1984, Scott and Wright, in press). 

These taxa are considered bonafide species, 

since they exhibit discrete morphological 

and host differences in sympatry. Ce/astrina 
nigra larvae likewise feed exclusively on 

Aruncus dioicus (Wagner and Mellichamp 

1978); C. neglectamajor larvae feed exclu- 
sively on Cimicifuga racemosa (Edwards 

1878, 1883b); however C. ladon larvae feed 

on a wide variety of plants (56 species, 19 
families) (Scott 1986). 

Eight North American subspecies of C. 

ladon are currently recognized: argentata 



VOLUME 96, NUMBER 3 

(Fletcher), cinerea (Edwards), echo (Ed- 

wards), gozora (Boisduval), /adon (Cramer), 

lucia (Kirby), nigrescens (Fletcher), and si- 

dara (Clench) (Miller and Brown 1981). 

Presently, only subspecies /adon and /ucia 
are recognized in eastern North America. 

These eastern subspecies have traditionally 

been separated into the following seasonal 

forms: “lucia” (Kirby) with a dark discal 
patch on ventral hindwing (VHW), ‘“‘mar- 

ginata’’ (Edwards) with a dark VHW outer 

margin, “lucimargina” (Scott) with a dark 

VHW discal patch and margin, “‘violacea” 

(Edwards) with dusky gray ventral surface 

and prominent maculations (without dark- 

ened disc or margin on VHW), and “‘neg- 

lecta” (Edwards) with white ventral surface, 

reduced maculations, and white insuffusion 

into dorsal blue ground color. The spring 

forms (‘‘lucia,” ‘“‘lucimargina,” “margina- 

ta,’ and “‘violacea’’) can be found together 
which suggests that C. /adon is genetically 
variable. Some types of “violacea” and 

“neglecta” fly later in late spring or summer 

after the flights of the earlier spring forms 
have been completed. Since there is little 

seasonal overlap between the spring and 

summer groups and in aggregate they are 
polyphagous, they have been considered 

seasonal forms of the same species (Ed- 

wards 1883b, Miller and Brown 1981, Opler 

and Krizek 1984, Scott 1986). 
The distributions and hosts of North 

American Ce/astrina (including eastern rac- 

es) are poorly known. Proper data are nec- 

essary to understand Celastrina kinships and 

evolutionary histories. The purpose of this 

paper is to present the hosts and distribu- 

tions of the species, subspecies, and races 

of the C. /Jadon complex, to identify areas 

of overlap or sympatry between races, and 

to present diagnostic characters which dis- 

tinguish them. 

MATERIALS AND METHODS 

Hosts were identified by observations of 

Ovipositing females in the field and/or by 

rearing field collected larvae to adults. Lar- 
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vae were collected by finding them in ant 

attendance or by beating specific plant parts 

into a heavy cloth net. Discrimination of 

adult taxa was accomplished by a table of 

morphological and biological characters 

(Table 1). The adult color patterns of many 

races are stable and consistent; their ranges 

were delineated from data accumulated by 

the examination of thousands of museum 
specimens and material contributed by col- 

lectors. Distributions of monophagous spe- 

cies and races were further substantiated by 

comparison with their host’s distributions. 

Host data are summarized in the Appendix. 

RESULTS 

North American species 

The adult morphological characters and 

seasonal occurrences used to distinguish 

species of North American Celastrina are 

listed in Table 1. Of the three Ce/astrina 
species recognized in North America, two 

of these, C. nigra and C. neglectamajor, 
share similar ranges with density centers in 

the Ozarks in the Midwest and the central 
and southern Appalachians in the East (Figs. 

1, 2). Celastrina neglectamajor extends fur- 

ther north in the Appalachians and covers 

34% more area than C. nigra. Both C. nigra 

and C. neglectamajor are monophagous and 

their larval food plants are 4runcus dioicus 

(Rosaceae) and Cimicifuga racemosa (Ran- 

unculaceae) respectively. The distributions 

of the food plants for C. neglectamajor and 

C. nigra are outlined around the ranges of 
the corresponding butterflies (Figs. 1, 2). 

Both butterflies occupy about 50% of their 

host’s range. 

Celastrina nigra and C. neglectamajor, 
unlike C. /adon, exhibit little geographic 
variability in wing pattern. Celastrina nigra 

males are distinguished from other Celastri- 

na by three morphological characters: pres- 

ence of long overlapping scales (replacing 

androconia) on the dorsal wing surface, a 
dark dorsal brown to black coloration, and 

absence of blue iridescent scales (Table 1). 
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Table 1. Morphological characters which distinguish the different Ce/astrina species, subspecies, and races. 

Characters* 

Taxa DLS 

neglectamajor 

nigra (= ebenina) 2 

cinerea 2 

gozora 2" 

echo 25 

“bakeri” 2 

nigrescens 2 

sidara 2 

argentata 

lucia 1 

lucia Auct. 
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ladon 

“violacea”’ I 2 

“violacea”’ II 2:3 

“violacea”’ III D3 

“neglecta” 2 
———— EEE EE EEE EEE EE SSS 

* MSA = maximum size of adults: 1 = small, 2 = medium, 3 = large, 4 = very large; DLS = overlapping 
long scales dorsal surface of male wings esp. forewings: | = present, 0 = absent; DSG = dorsal ground color of 
males: | = light pale blue, 2 = blue, 3 = violet-blue, 4 = purple-blue, 5 = black; DWS = white insuffusion of 
dorsal male blue wings: 0 = absent, 1 = present only along edges of wings and along veins, 2 = throughout the 
wings; DDM = dorsal dark margin on females: 1 = narrow, 2 = wide; VSG = ventral surface ground color: | 
= dark gray, 2 = light gray, 3 = white, 4 = white with greenish tint, VMS = ventral macule size: 1 = small, 2 
= large; VDP = ventral discal patch on hindwing: | = present, 0 = absent; VDM = ventral hindwing dark 
margin: | = present, 0 = absent; RSO = relative seasonal occurrence of the adults: 1 = early spring, 2 = mid 
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spring, 3 = late spring, 4 = early summer, 5 = late summer (occ. fall). 

Females are easily distinguished by their 

dorsal wing surface which is generally darker 

(esp. borders and veins) than the other spe- 

cies. Males and females of C. neglectamajor 
are very often larger than other sympatric 

Celastrina and have blue dorsal scales with 

some degree of white insuffusion. The ven- 

ter is often immaculate white with much 

reduced maculations (Table 1). This species 

can only be confused with one race of C. 

ladon (“neglecta”), which is discussed be- 
low under C. /. /adon races. 

The third species, C. /adon, occurs as 8 

subspecies and several races distributed 

throughout most of North America (Figs. 
3-5) and their larvae feed on a wide variety 

of plants. See following sections. 

Celastraina ladon subspecies 

Discussions of subspecies’ morphological 

characters are found in Cramer (1780), Kir- 

by (1837), Edwards (1864, 1883a), Bois- 

duval (1870), Fletcher (1903), Clench 

(1944), as well as Brown (1970). The wing 

characters which distinguish these subspe- 

cies are summarized in Table |. The sub- 

species of C. /adon are primarily allopatric 

(Figs. 3-5) and only one (/ucia) occurs on 

both North American coasts and in north- 
ern latitudes which were covered by glaciers 

during the recent Wisconsin glaciation (Fig. 
4a). The subspecies of C. ladon are argen- 

tata, cinerea, echo, gozora, ladon (as races 
“violacea”’ I, II, III and “neglecta” in Figs. 

4, 5), lucia, nigrescens, and sidara. 

Subspecies cinerea occurs throughout Ar- 

izona (except SW corner), southeastern Cal- 

ifornia, southern Nevada, southern Utah, 
southeastern Colorado, western two-thirds 
of New Mexico, and northern Mexico (Fig. 

3). It is replaced by gozora to the south in 

Mexico and Central America (Fig. 3a). Sub- 
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neglectamajor 

LE 8 host (Cimicifuga) 

Fig. 1. Map of eastern United States showing the geographic range of Ce/astrina nigra. The range of its host 

plant Aruncus dioicus is lightly shaded around the range of the butterfly. 

Fig. 2. Map of eastern United States showing the geographic range of Celastrina neglectamajor. The range 

of its host plant Cimicifuga racemosa is lightly shaded around the range of the butterfly. 
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': cinerea : 

FIG. 3 

Fig. 3. 

gozora 

Map of western North America showing the geographic ranges of the different western subspecies 

and of the midcontinent range of eastern ssp. C. /. ladon. Fig. 3a (inset) Map of Mexico and Central America 

showing range of subspecies gozora. 

species echo occurs throughout most of Cal- 

ifornia (and Baja California), Oregon, 

Washington, southern British Columbia, 

Idaho, and extends to western Montana, 

western Wyoming, northern Utah, and 

northern Nevada. Celastrina |. echo and C. 
I. nigrescens exhibit a broad blend zone in 

southern British Columbia, eastern Wash- 

ington, northeastern Oregon, Idaho, west- 

ern Montana, northern Utah, and western 

Wyoming. In this blend zone, wing char- 

acters of populations range from typical echo 

to typical nigrescens. Individuals of sub- 

species nigrescens are quite variable and ex- 

hibit the forms “lucia,” “‘marginata” and 
“‘violacea.”’ Subspecies sidara occurs from 

northern New Mexico through the western 

two-thirds of Colorado, west to extreme 

northeastern Utah, and north through cen- 

tral and eastern Wyoming to southern Mon- 

tana, the Black Hills of South Dakota, and 
the Badlands in southwestern North Da- 
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lucia 

"neglecta" 

: SSS 
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lucia Auct. 

ladon races : 

"violacea" | 

[| "neglecta" 

Fig. 4. Map of eastern North America showing the geographic ranges of Ce/astrina /. lucia (including lucia 

Auct. below dotted line) and races ‘“‘violacea” I and “neglecta.” 4a (inset), Map of North America showing entire 

range of C. /. lucia. 4b (inset), Map of eastern North America separately showing range of C. /. /adon. 

kota. Celastrina |. argentata 1s restricted to 

the plains in southern Manitoba and Sas- 

katchewan. 

The only western taxon that is not allo- 

patric to the other subspecies is “‘bakeri” 

(formally a subspecies). All known ‘“‘bakeri”’ 

records occur within the blend zone of sub- 
species echo and nigrescens. We consider 

“bakeri”’ to be a form of echo and nigrescens 

and follow Miller and Brown (1981) in this 

regard. The distinguishing character of form 

‘“‘bakeri” is the basal greenish tint on the 

ventral wing surfaces. This character 1s also 
weakly expressed in even some southern 

populations of echo. 

Subspecies /ucia (Fig. 4a) occurs widely 

throughout the subarctic from Alaska to 
Labrador then south to Alberta, Saskatch- 

ewan, Manitoba, southern Ontario, and 

Quebec. Traditional ssp. /ucia Kirby is a 
very small single-brooded butterfly with very 

light blue dorsal color tending toward green- 
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gall-feeder group 

ladon races: 

WM "violacea" II 

ere] "violacea" III 

eg "neglecta" 

Fig. 5. 

“violacea”’ II, “‘violacea” III, and “neglecta.” 

ish-blue. Heavily marked forms “lucia,” 

““marginata,” and “‘violacea” are common- 

place. Further south in southern Ontario, 

Quebec, northcentral and northeastern 

United States (below dotted line in Fig. 4), 

lucia Kirby is replaced by larger, highly 
variable specimens of a single early spring 

brood. The dorsal colors of the latter group 

are quite polymorphic. Forms “‘lucia,”’ 
“marginata,” and “‘violacea’: occur, but 
“marginata” and “‘violacea’”” become more 

frequent near the southern extent of the 

Map of eastern North America showing geographic ranges of Celastrina /. lucia and C. |. ladon races 

range (including central Appalachian Mts.). 

Previous authors have recognized the dif- 

ferences between /ucia Kirby and the second 

group in northeastern United States and re- 

ferred to the latter as “/ucia” of authors 
(Klots 1951, Forbes 1960). Confusion has 

existed regarding their assignment to ssp. 

lucia or to ssp. ladon. Through morpholog- 

ical and biological characters we include 

them with ssp. /ucia under the designation 
lucia Auctorum. 

The known host plants of the different 
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Celastrina are listed in the Appendix. Lar- 
vae of the western subspecies feed on a broad 

variety of plant families: primarily Astera- 

ceae, Ericaceae, Fabaceae, Polygonaceae, 

Rhamnaceae, Rosaceae, and Saxifragaceae. 

The hosts of argentata, gozora, and nigres- 

cens are not known. Celastrina |. lucia is 

recorded on Vaccinium and Ledum species 

(Ericaceae) in the West, but in the East it 

used those genera and also Viburnum (Cap- 

rifoliaceae) and Prunus (Rosaceae). 

Forms and races of 

Celastraina ladon ladon 

Subspecies Celastrina |. ladon readily di- 
vides into several independent races, which 

have been classically viewed as variable 

forms of the same subspecies. Historically, 
the main forms of ssp. /adon in the East 

were known as “‘violacea”’ and “neglecta.” 

For descriptions see, Edwards (1866) (“‘vio- 

lacea’’) and Edwards (1862) (“‘neglecta’’). 

In eastern North America there are at least 

three “violacea” races, which here are des- 

ignated “‘violacea”’ types I, II, and III. ““Vio- 

lacea”’ I conforms to the definition of a host 

race by Jaenike (1981), since it is sympatric 

with II and III (as well as race “neglecta’’) 

and exhibits a different dorsal scale mor- 

phology in regions of sympatry (Table 1). 

This character (transparent long scales over- 

lapping dorsal blue scales of the male wings) 

is shared only with C. nigra. The ranges of 

types II and III (which both overlap that of 

race “‘neglecta’’) are not presently known to 

overlap. They may, however, eventually 

prove to marginally overlap in Delaware, 

Maryland, eastern Virginia, or New Jersey 

(Fig. 5). 

The “violacea” races differ in larval food 

plants: type I (““violacea’’” Edwards) feeds on 

Cornus florida flowers and fruits throughout 
most of its range; type II feeds on leaf galls 

of Prunus serotina, induced by the eriophyid 

mite Phytoptus cerasicrumena Walsh; and 

type III feeds on male flowers of //ex species 

(Appendix). In most cases where mature lar- 
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vae have been field collected and allowed 

to pupate, the pupae of all three races enter 

obligate diapause (as do /ucia, nigra, and 

neglectamajor). In contrast, mature larvae 

of the sympatric “neglecta” populations fol- 

lowing pupation eclose as adults in 8-12 

days. 

In southeastern Pennsylvania and north- 

ern Delaware, and areas northward, “‘vio- 

lacea” I larvae feed on flowers of both P. 

serotina and Viburnum acerifolium. In these 
northern areas, Cornus florida (the major 
host of “‘violacea”’ I further south) is scarce 

and declining (Sargent 1905). Larvae of 

“violacea” II populations are also known to 

feed locally on Viburnum and Aralia flow- 

ers, but in areas largely north of ‘“‘violacea”’ 

I where coincidentally cherry galls are rarer. 

“Violacea” I and II can be distinguished 

easily by adult wing scale morphology (Ta- 

ble 1). Where the two are sympatric, they 
are generally asynchronous and adults of the 

flower-feeding populations (‘‘violacea’’ I) 

peak seasonally before the gall-feeding pop- 

ulations (“‘violacea”’ IT). 

The present ranges of the three races of 
“violacea”’ appear to be primarily parapa- 

tric: “violacea” I is in the Appalachians and 

Ozarks (where it overlaps the range of C. 

nigra), ““violacea” II overlaps I in the south- 

ern part of its range; and “violacea”’ III 

overlaps I on the inner coastal plain (Fig. 

4). The range of “‘violacea”’ II may prove to 

be more extensive than that given in Fig. 5 

and extend further west and south into the 

ranges of “‘violacea”’ I and III. 

The immature stages of “violacea” III 

have been recorded on four //ex (holly) spe- 

cies (Appendix). Male and female flowers 

occur on different plants in J/ex (dioecious) 

and in order to determine whether “‘viola- 

cea’’ III uses one or both sexes, the flowers 

of more than 20 plants of each sex of J. 

glabra were beaten into a heavy cloth net 

at Warren Grove, New Jersey, in mid-June, 
1991. Interestingly, larvae (n > 20 third and 

fourth instars) were obtained only from male 

plants; female plants contained no larvae. 
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Race “neglecta” occurs throughout most 

of the East and its range correlates precisely 

with Fig. 4b. It occurs with the other three 
“violacea”’ races, but generally later in the 

season. It’s distinguished from ‘‘violacea” 
races by white scale insuffusion into the dor- 

sal blue scales of the male wings (Table 1). 

“Neglecta” differs from C. neglectamajor 

only in the maximal size of the adults and 
several minor features (Table 1). There are 

also populations of “neglecta’’ which share 

the same larval host (Cimicifuga racemosa) 

with C. neglectamajor, adding to the diff- 

culty in their identification. However, they 

do differ in first instar characters which sup- 

ports their separate species status. Ce/astri- 

na neglectamajor first instars are yellow, 

while all C. /adon (including race “neglecta” 

on Cimicifuga racemosa) are green. The pri- 

mary dorsal setae on meso/metathorax are 

also shorter in neglectamajor first instars. 

Celastrina neglectamajor larvae can suc- 

cessfully develop on host Cimicifuga leaves, 

while these leaves appear to be toxic to 

“neglecta” larvae. Lastly, the two Celastri- 

na on Cimicifuga racemosa also differ in 

their seasonal occurrence; larvae of C. neg- 

lectamajor generally occur earlier than those 

of race “neglecta” on Cimicifuga racemosa, 
since their adults fly earlier. In the northern 

part of its range, race “neglecta” does not 

appear until late spring or summer after the 

flights of the spring taxa are over. In the 

southern part of the range, however, “‘neg- 

lecta” is multibrooded (including spring and 

summer broods). 

Celastrina |. ladon is the only subspecies 
known to extensively overlap other C. /adon 

subspecies in North America. As race “‘ne- 

glecta”, C. 1. ladon overlaps C. |. sidara in 
north central Colorado (Fig. 3), and as sev- 

eral other races, it also overlaps C. /. lucia 
in the northeastern portion of its range (Figs. 

4, 5). The ranges of ‘“‘violacea”’ II and “‘ne- 

glecta” broadly overlap /ucia in the North- 

east, and “‘violacea”’ III (another /adon race) 

occurs with /ucia in southern New Jersey. 

These races of C. /. /adon are seasonally 
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isolated from C. /. /ucia, since their adults 
generally occur later in the season. 

DISCUSSION 

Ancestral celastrina is believed to have 
entered North America from Eurasia during 

a period when the Bering land bridge joined 
North America and Siberia (Eliot 1973). 

Most of the diversity of the Lycaenopsis 
section of the Polyommatini (blues), in- 

cluding Ce/astrina Tutt, occurs in the On- 

ental region (Eliot 1973, Eliot and Kawazoe 
1983). In the Orient there are 14 Celastrina 

species, while in North America there are 

only three species which up to recently were 

all considered conspecific with Eurasian C. 

argiolus (Scott 1986, Eliot and Kawazoe 

1983). 
Within the Eurasian Celastrina, C. argi- 

olus seems most closely related to the North 

American Celastrina because of its distri- 
bution in northern latitudes and morpho- 

logical similarities with many North Amer- 

ican taxa. It follows that the North American 

taxon most closely resembling argio/us may 

therefore be a direct descendent of the an- 

cestor which crossed the Bering land bridge 
(Beringia). The range of subspecies /ucia ex- 

tends closest to present-day Beringia, but 

lucia has a distinctive wing morphology with 

no characters shared with any Eurasian Cel- 

astrina, and thus appears to be an unlikely 

ancestor (Eliot & Kawazoe 1983). On the 

other hand, the western subspecies echo is 

considerably more similar to C. argiolus in 

wing morphology and coloration. Within the 

range of echo there are populations in which 

the form “‘bakeri”’ (recognized by greenish 

tint on basal ventral wing surfaces) are com- 

mon. The ‘‘bakeri”’ character 1s also partic- 

ularly strong in the nominate European sub- 

species C. a. argiolus (Higgins and Riley 
1975). In both Eurasia and western North 

America, we suspect the “bakeri” character 

is a retained plesiomorphy shared with the 

original North American ancestor. 
It is interesting that the greatest species 

diversity in North American Celastrina (3 
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species) occurs 1n the East, and in contrast 

only one is recognized in the West. If the 

primitive North American Celastrina taxa 

are currently distributed in western North 

America, why didn’t additional species 
evolve in the West? Similar biogeographic 

patterns have been made in the distribu- 

tions of other North American butterflies 
(Howe 1975). Such stereotypical patterns 

suggest that the Ce/astrina ancestor that 

crossed the Bering land bridge into North 

America moved into the West before en- 

tering the East. If this is true, a paradox 

exists in that western Celastrina despite a 

longer chronology in North America have 

a smaller species diversity than their eastern 

counterparts. It is yet possible that some or 

all of the western subspecies are distinct spe- 

cies. Allozyme studies are in progress to in- 
vestigate this possibility. 

The different degree of host specialization 
between eastern and western Ce/astrina may 

help explain the greater species diversity in 

the East. Larvae of all western taxa, as far 

as currently known, utilize the flower buds 

of multiple plant families in a single locality 

(polyphagy). Eastern taxa in general are host 

specific at any given locality. Only one east- 

ern race (“neglecta’’) uses more than one 

host in a single locality, and yet it is asyn- 

chronous to all other sympatric races. Cel- 

astrina |. lucia uses more than one host in 

the East, but these hosts generally bloom at 

the same season and only one host is used 

ina single locality (usually either Vaccinium 

or Viburnum). 

The entire group of eastern Celastrina 

species and races are adapted to host plants 

with seasonally limited resources (flower 

buds or young shoots). This host special- 

ization may have selected for asynchrony 

between the species and races. An asyn- 

chronous mechanism inducing genetic 1so- 

lation appears likely for /ucia, ““violacea”’ I, 

II, and III, “neglecta,” and neglectamajor 

since they occur asynchronously to one an- 

other in nature in many localities in the 

East. In general, /ucia adults occur first fol- 
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lowed in order by “‘violacea”’ I and nigra, 

“violacea” IH and III, neglectamajor, and 

finally “neglecta.” 

Only two Celastrina are broadly sympat- 

ric and synchronic in the East (C. nigra and 

“violacea” I). These two, however, are ge- 

netically isolated through their association 

with different hosts and habitats. Individ- 
uals of both taxa intermingle away from their 

corresponding habitats at mud puddles, but 

they are almost always males; female Celas- 
trina and females of most other blues are 

rarely encountered at mud puddles (Scott 

1986). The females of nigra and ‘“‘violacea”’ 

I prefer habitats which correspond to their 

host’s habitat. Ce/astrina nigra females pre- 

fer low vegetation along north-facing slopes 

and shady creek bottoms where Aruncus 

dioicus grows, whereas “violacea”’ I females 
prefer flying among the subcanopy tree tops 

of woodland Cornus florida. Male mate- 

searching behaviors of these Ce/astrina seem 
to coincide with their conspecific female be- 

havior, so that opposite sexes of the two 

taxa rarely if ever encounter each other. 

The relationship between spring /ucia and 

“violacea” I is unclear. They differ in mean 

eclosion times under laboratory conditions 
(diapause intensity) (Pratt and Wright, in 

prep.). They should be asynchronous when 

in sympatry. They are generally allopatric, 

but come into contact in southern New En- 

gland and southern Michigan where inter- 

mediate populations are present. At Kings- 

ton, Rhode Island, “‘violacea”’ I populations 

(det. by scale morphology) utilize Vaccin- 

ium corymbosum (a lucia host) and exhibit 

the unique VHW markings of /ucia. These 

may be hybrid populations. 

Race “neglecta” occurs through most of 

the East, from central Florida to southern 
Canada (Fig. 4b) and west to eastern Col- 

orado and North Dakota (Fig. 3). From the 

southcentral Appalachians to southern New 

England, it is often abundant in locations 

where “‘violacea” I, IH, HI, and /ucia were 

present during earlier months. Since its flight 

period follows the others, it would seem rea- 
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sonable that it could have been formed from 

offspring of the spring races. However, most 
field-collected mature larvae of the spring 

races enter obligate diapause, indicating they 

are probably univoltine. Field-collected 

mature “neglecta” larvae (n > 430) from 

southeastern Pennsylvania and Delaware of 

the “neglecta” first brood did not enter dia- 

pause, indicating “neglecta”’ is multivoltine 

in summer at this latitude. In some areas 

where summer “neglecta” occurs, the spring 

races are scarce to absent and therefore could 

not have formed the abundant summer 
“neglecta”; and, vice versa, in some local- 

ities the spring races are abundant, but the 

summer “neglecta” populations are scarce 

to absent (Shapiro 1966, 1970, 1973, Pratt, 
Wright, and Pavulaan, pers. obs.). 

CONCLUSION 

North American Celastrina probably 

evolved from an argio/us-like Eurasian an- 

cestor which crossed the Bering land bridge. 

Western North American Celastrina have 

segregated into several subspecies, while 

eastern Celastrina have achieved greater di- 

versity through speciation and formation of 

several races. The eastern diversification 

most likely was faciliated through host shifts 

onto plants with seasonally limited nutr- 

tional resources. This in turn selected for 
asynchrony in adult emergence. Gene flow 

between races may be limited, since: (1) 

spring races are univoltine, (2) adult emer- 

gence in nature coincides with the short 

blooming periods of their hosts, and (3) 
adults are short-lived. In general, the flight 

(esp. males) of one race does not seasonally 

overlap that of the next. Celastrina nigra 

and “‘violacea” I are the only sympatric Cel- 

astrina which do not conform to this asyn- 

chronous model. They instead exhibit shifts 

in habitat preference, which has probably 

limited gene flow between them. 
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Host plants of Celastrina of North America. 

Taxa Host" 

C. nigra (= ebenina)® 

C. neglectamajor 

Aruncus dioicus (13) (young shoots, leaves, and flowers) 
Cimicifuga racemosa (12) (flower buds & leaves) 

C. ladon (Western ssp.) 

cinerea Ceanothus fendleri (14), Chamaebatiaria millefolium (13), Eriogonum wrightii 

(11), Holodiscus sp. (13), Lupinus sp. (8), and Petrophytum caespitosum (13) 

gozora Unknown 

echo Adenostoma fasciculatum (13), Baccharis glutinosa (4), Ceanothus leucodermis 

(14), C. palmeri (14), Heteromeles arbutifolia (13), Holodiscus sp. (13), Lotus 

scoparius (8), Prunus ilicifolia (13), and Spiraea sp. (13) 

nigrescens Unknown. Perhaps Prunus virginiana and other Prunus sp. (13) 

sidara Ceanothus fendleri (14), Cornus stolonifera (6), Holodiscus sp. (13), Jamesia 

americana (15), Physocarpus monogynus (13), and Prunus virginiana (13) 

argentata Unknown 

lucia Ledum sp. (7), esp. L. palustre, and Vaccinium sp. (7) 

C. ladon (eastern ssp. and races) 

lucia Ledum sp. (7), esp. L. palustre, Vaccinium corymbosum (7), Viburnum cassi- 

noldes (5) 

lucia Prunus serotina (13), Prunus virginiana (13), Rhamnus sp. (14), Vaccinium 

corymbosum (7), Viburnum cassinoides (5), V. lentago (5), V. prunifolium 

(5), and Lonicera tatarica (5) 

Cornus florida (6), Prunus serotina (13), Viburnum acerifolium (5), and V. 

prunifolium (5) 

Prunus serotina (13) (mite galls), P. virginiana (13) (mite galls), Viburnum len- 

tago (5), and Aralia hispida (3) 

Ilex glabra (2) (male flowers), /. laevigata (2) (male flowers), J. opaca (2) (male 

flowers), 7. vomitoria (2) (ovip. on male plant) 

Actinomerts alternifolia (4), Agastache nepetoides (9), Aralia spinosa (3), A. nu- 

dicaulis (3), Ceanothus americanus (14), C. ovatus (14), Cimicifuga racemosa 

(12), Collinsonia canadensis (9), Cornus alternifolia (6), C. stolonifera (6), C. 

racemosa (6), C. foemina (6), C. amomum (6), Erythrina herbacea (8), Eu- 

patorium perfoliatum (4), Humulus lupulus (10), Lupinus argenteus (8), Rhus 

glabra (1) (flower stalks), Spiraea latifolia (13), Viburnum dentatum (5) 

“violacea” I 

“violacea” IT 

“violacea” III 

“neglecta” 

“ Flowers and fruits except where indicated. The families in parentheses are | = Anacardiaceae, 2 = Aqui- 

folaceae, 3 = Araliaceae, 4 = Asteraceae (Compositae), 5 = Caprifoliaceae, 6 = Cornaceae, 7 = Ericaceae, 8 = 
Fabaceae, 9 = Labiatae, 10 = Moraceae, 11 = Polygonaceae, 12 = Ranunculaceae, 13 = Rosaceae, 14 = 
Rhamnaceae, 15 = Saxifragaceae. 

» We consider Celastrina ebenina Clench (Clench 1972) to be a junior synonym of Celastrina nigra (Forbes) 
(Forbes 1960). 
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NOTE 

New synonymy in the genus Anisops Spinola 

(Notonectidae: 

Anisops nasuta (Fieber) is a very wide- 

spread species in the Indo-Pacific Region. 

N. Nieser and P. Chen (1991. Tijdschrift 
voor Entomologie 134: 57) give its range as 

“India and Sri Lanka through China and 

Indochina to Australia and Samoa.” Re- 

cently Gou-Qing Liu and Le-yi Zheng (1990. 
Acta Zootaxonomica Sinica 15: 351) de- 

scribed a new species, Anisops protracta, and 

compared it to 4. kuwroiwai Matsumra and 

A. nasuta. Their description of the head of 

“4. nasuta” is not correct, matching instead 

that of 4. sardea Herrich-Schaffer, whereas 

the splendid figures and description of their 

new species protracta match nasuta in every 

respect, thus 4nisops protracta Liu & Zheng 

Heteroptera) 

1990 is here placed as a junior synonym of 

Anisops nasuta (Fieber, 1851) (New Syn- 

onymy). In response to a query, Dr. Zheng 

informed me that the comparison was made 

with determined material furnished to their 

laboratory; it is quite apparent that in this 

material A. sardea was unfortunately 
wrongly labelled as 4. nasuta. 

This synonymy is needed for the Cata- 

logue of Palearctic Heteroptera (B. Aukema 

and C. Rieger, editors) now being prepared 

for publication by myself and others. 

John T. Polhemus, University of Colorado 

Museum, 3115 S. York St., Englewood, Col- 

orado 80110. 
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NOTE 

Dilyta subclavata Forster (Hymenoptera: Charipidae) 

Found in North America and New Records for 

D. rathmanae Menke and Evenhuis, with a 

Key to the Two Species in North America 

Most wasps in the genus Di/yta Forster 

are hyperparasitoids whose hosts are hy- 

menopterous primary parasitoids of psil- 

lids. Although one species (D. necans Kief- 

fer) is listed in the Catalog of Hymenoptera 

of North America, necans was demonstrat- 

ed not to be a Dilyta by Menke and Even- 

huis (1991, Proceedings, Entomological So- 

ciety of Washington, 93: 136-158) when they 

described the species D. rathmanae, then 

the single valid species for North America. 

The first Nearctic specimen of the Pale- 

arctic species, Dilvta subclavata Forster from 

eastern Colorado was found in the collec- 

tion of the University of California at Davis 

(UCD). A second specimen from the same 

locality was discovered in the United States 

National Museum of Natural History. The 

latter collection also contains two speci- 

mens of D. subclavata from Prince Edward 
Island and Labrador, Canada. The speci- 

mens were identified using the descriptions 

in Menke and Evenhuis, 1991. These rec- 

ords establish that subclavata is holarctic. 

Apparently, this species occurs east of the 

continental divide in North America. 
Dilyta rathmanae Menke and Evenhuis, 

1991, was described from specimens col- 

lected in the state of Washington. Shortly 

after the description was published, a series 

of specimens of D. rathmanae were found 

emerging from pinecone galls on Salix col- 
lected in Mendocino County, California, in 

the UCD collection. The adult rathmanae 

may have emerged from mummies of psyl- 

lids Cacopsylla alba (Crawford) and C. pyri- 

cola (Forster), which host their primary host, 

the encyrtid Prionomitus mitratus (Dal- 

man), and crawled into these nearby galls 

to diapause. 

Additional Dilyta rathamanae speci- 

mens, collected from Portland, Oregon, were 
then found in the collection of the Univer- 

sity of California at Berkeley. A series of 

specimens collected in Sonoma County, 

California, was found in the collection of 
the California Academy of Sciences, San 

Francisco. The range of this hyperparasitoid 

1 subclavata 

Figs. 1, 2. 

metasoma, 

2 rathmanae 

1, Dilyta subclavata female antenna and metasoma. 2, Di/yta rathmanae female antenna and 
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is thus shown to extend from Washington 

into northern California. 

Key TO NorRTH AMERICAN SPECIES OF 

DiLtyTéA FORSTER 

1. Antennae 13 segmented (females) ........... 

Antennae 14 segmented (males) 

2. Flagellomere | more than twice as long as wide 

and more than *¥4 the length of pedicel (Fig. 1); 

apparent tergum | has a dense field of deep 

pits posteriorly (Fig. 1), eastern North America 

Be We sie harmesancis eons sieln, taomer malades subclavata 

— Flagellomere | about twice as long as wide and 

¥4 or less the length of pedicel (Fig. 2); apparent 

tergum | at most with a few shallow pits (Fig. 

2); California to Washington .. rathmanae 

3. Flagellomere 2 about 2 length of flagellomere 

1; apparent tergum | has a dense field of deep 

pits posteriorly; eastern North America . 

EPO TICES MORSE TO RR ete subclavata 

— Flagellomere 2 about 3 length of flagellomere 

1; apparent tergum | with at mosta few shallow 

pits; California to Washington ....... rathmanae 

why 
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A REVISION OF THE NEARCTIC AULACIGASTER MACQUART WITH 
NOTES ON 4. LEUCOPEZA (MEIGEN) FROM THE PALEARCTIC REGION 

(DIPTERA: AULACIGASTRIDAE) 

WAYNE N. MATHIS AND AMNON FREIDBERG 

(WNM) Department of Entomology, NHB 169, Smithsonian Institution, Washington, 
D.C. 20560, USA. (AF) Department of Zoology, The George S. Wise Faculty for Life 

Sciences, Tel Aviv University, Tel Aviv 69 978, Israel. 

Abstract.—The three Nearctic species of Au/acigaster are described. All Nearctic spec- 

imens previously reported were misidentified as 4. /eucopeza, which is now known to 

occur only in the Palearctic Region. The three species described herein are (type locality 

in parentheses): Aulacigaster mcalpinei (Maryland. Montgomery Co., Potomac), A. neo- 

leucopeza (Maryland. Montgomery Co., Potomac), and A. sabroskyi (Arizona. Cochise 
Co., Portal). A key to the Nearctic species of Aulacigaster, illustrations of male terminalia, 

known distributions, and comments on biology and systematics are included. A lectotype 

for Sephanilla sertulata Rondani, type species of the genus Sephanilla Rondani, is des- 

ignated. This lectotype is conspecific with 4. /eucopeza and the synonymy of Rondani’s 

names at the generic and species levels is proposed. 

Key Words: 

Better sampling of Neotropical Diptera 

has revealed the genus Au/acigaster Mac- 

quart to be far richer in species than was 

previously indicated from temperate (Wirth 

1965, Papp 1984, Teskey 1987) and tropical 

regions (Hennig 1956, Papavero 1967). On 

a single, three-week field trip to Peru, for 

example, we collected nearly 20 species 

within a five-kilometer radius of Pakitza 
(11°56.75'S, 71°17'W), a remote ranger sta- 

tion on the Manu River (Erwin 1991). The 
richness of these collections and our sub- 

sequent attempts to identify them eventu- 

ally prompted a revisionary study of the 

genus on a worldwide basis. We soon dis- 

covered many more species and forms than 

were realized previously, nearly all unde- 

scribed (over 40 species thus far). 

Although comparatively depauperate, 

with only one species reported previously 

(Wirth 1965, Teskey 1987), the Nearctic 

Diptera, Aulacigastridae, Aulacigaster, Nearctic region 

fauna also comprises at least three species. 

The purpose of this paper is to present a 

review of the Nearctic fauna, somewhat 
within the context of our forthcoming re- 

vision, so that names and distributions of 

the Nearctic taxa will be available for a 

checklist of North American Diptera that is 

being prepared by the U.S. Department of 

Agriculture. 

Flies of the genus Au/acigaster are pecu- 

liar to weeping wounds and sap fluxes of 

deciduous trees (Robinson 1953, Teskey 

1976). Near or within these habitats, the 

species breed and undergo most of their life 

cycle. Eggs are laid singly or in small groups 

of two or three, usually directly in or on the 

flux, which apparently is the primary source 

of larval food. Larvae have three instars, 

the first being metapneustic, the second and 

third being amphipneustic. The third-instar 

larva, which along with the puparium was 
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first described by Dufour (1846), is quite 

distinctive, with a long respiratory tube and 

a long, filamentous, prothoracic spiracle. 

Adults frequently occur on or near the flux 

or they hover within centimeters of its sur- 

face. 
During 1989 and 1990 we collected spe- 

cifically at tree wounds and fluxes in the area 
of Washington, D.C., and discovered two 
species of Aulacigaster, A. neoleucopeza, new 

species, and 4. mcalpinei, new species, that 

occur sympatrically, frequently at the same 
flux. This discovery confirms information 

J. F. McAlpine (per. comm.) provided in a 

preliminary key that he sent to us, although 

only one species was then known to be un- 

described. The specimens McAlpine stud- 

ied, and which we borrowed and examined 

as part of this study, came largely from the 

province of Ontario, Canada. We have since 

found numerous other specimens of these 

new species in museums from several lo- 

calities in eastern North America. One of 
these species, 4. neoleucopeza, is broadly 

sympatric with A. mcalpinei in the East 

(from the Great Plains eastward between 

71° and 93° north latitude) and partially 

sympatric with 4. sabroskyi in the South- 

west (Arizona). 

Most specimens examined as part of this 

study are deposited in the National Muse- 

um of Natural History, Smithsonian Insti- 

tution, Washington, D.C. (USNM). Other 

specimens were borrowed from the follow- 

ing institutions (acronyms used elsewhere 

in the text are given in parentheses): Amer- 

ican Museum of Natural History, New York 

(AMNH); California Academy of Sciences, 
San Francisco, California (CAS); Canadian 

National Collection, Ottawa, Canada (CNC): 
Museo Zoologico “La Specola,” Florence, 
Italy (MZUF); private collection of Dr. 

Norman E. Woodley (NEW), Pennsylvania 

Department of Agriculture, Harrisonburg, 

Pennsylvania (PDA), and Tel Aviv Uni- 

versity, Tel Aviv, Israel (TAU). 

Several ratios used in the descriptions are 

defined here. Anterior head ratio: head 
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height/head width. Lateral head ratio: head 
length/head height. Frontal ratio: length 

(dorsal margin of ptilinal suture to level at 

posterior margin of posterior ocelli)/width 

(at level of anterior ocellus; measurements 

taken from anterodorsal view). Facial ratio: 

facial width (narrowest distance)/head 
width. Eye ratio: eye length/eye height. Eye- 

to-gena ratio: genal height/eye height. Wing 

ratio: wing width/wing length (base of cell 
bm to apex). Costal vein ratio: the straight 

line distance between the apices of R,,, and 

R,,;/distance between the apices of R, and 

R,,;. Vein M ratio: the straight line distance 

along M between crossvein dm-cu and r-m/ 

distance apicad of crossvein dm-cu. 

Genus Aulacigaster Macquart 

Aulacigaster Macquart, 1835: 579. Type 

species: Au/acigaster rufitarsis Macquart, 

1835 (= Diastata leucopeza Meigen), by 
monotypy.— Wirth, 1965: 823 [Nearctic 

catalog].—Teskey, 1976: 12 [Diptera as- 

sociated with trees]; 1987: 891-894 

{manual of Nearctic Diptera]. 

Diagnosis.— Head: Frons lacking intra- 

frontal setae; postvertical seta lacking; arista 

unsegmented, straight or often zigzag, bare 

basally; ifrayed, the common condition, rays 

on distal 74 of arista biseriate, the dorsal and 

ventral rays alternate. 

Thorax: Apical pair of scutellar setae 

nearly straight, at most very shallowly 

arched laterally, oriented posteriorly; anepi- 

sternum bearing setae and/or setulae; anepi- 

meron lacking setae; prosternum wider than 

long. Sclerotized portion of subcosta ex- 

tended much more than halfway from hu- 

meral crossvein to costal break; crossvein 

r-m situated basal to middle of combined 
cell dm + bm; combined cell dm + bm 

narrow, width less than 12 that of cell r,,; 

near level of crossvein dm-cu; cell dm plain, 

flat, lacking a longitudinal crease or fold. 

Terminal tarsomere cylindrical. 
Abdomen: Female: preabdomen with 6 

segments; postabdomen short, when ex- 
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tended distinctly shorter than preabdomen. 

Male: cerci weakly to moderately sclero- 

tized, sometimes indicated mostly by setu- 
lae; surstylus fused with ventral margin of 
epandrium; subepandrial sclerite present as 

a bridge between gonites behind cerci; ae- 

deagus short, not extensively spinulose, al- 

most symmetrical; ejaculatory apodeme of 

sperm pump large. 

Discussion. — Aulacigaster, which was de- 

scribed from specimens collected in Europe, 

has a few synonyms that were proposed by 

Old-World workers during the 19th centu- 
ry. Genus-group names that are junior syn- 

onyms of Aulacigaster were listed in a recent 

catalog (Papp 1984). The following genus- 

group name and its type species, both de- 

scribed by Rondani, are synonyms of Au- 

lacigaster and Diastata leucopeza respec- 

tively. 

Sephanilla Rondani, 1874: 267 [type spe- 
cies: Sephanilla sertulata Rondani, 1874 

(= Diastata leucopeza Meigen), by origi- 

nal designation (p. 246)]. NEW SYN- 

ONYM of Aulacigaster Macquart. 
Sephanilla sertulata Rondani, 1874: 268. 

NEW SYNONYM of Diastata leucopeza 

Meigen. The lectotype male, designated 

here, is labeled 1804 [red, oval label]/ 

LECTOTYPE Sephanilla sertulata Ron- 

dani 6 By W. N. Mathis, 1994 [species 

name and gender, designator and year 

handwritten, black submargin].” The lec- 

totype is directly pinned, is in poor con- 

dition, and is deposited in the MZUF. 

Two female paralectotypes bearing the 

same first label are also designated. 

SYSTEMATICS 

In our forthcoming revision of Aulaci- 

gaster, we will recognize several species 

groups. The three Nearctic species belong 

to the /eucopeza group, which includes 10 

species (of these only 4. leucopeza, A. af- 

ricana Barraclough, and 4. perata Barra- 

clough have been described) and is char- 

acterized here. 
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THE LEUCOPEZA GROUP 

Diagnosis.—Head: Posterior fronto-or- 

bital seta inserted distinctly more mesad 

than anterior fronto-orbital seta; ventral 

portion of face protrudent and usually bear- 

ing a discrete, transverse, white band; frons 

with a distinct, narrow, transverse, white or 
silver band; arista straight or nearly so, and 

bare or with rays; palpus often triangular. 

Thorax: hind femur of ¢ usually plain, with- 

out a lobe. 

Discussion. — Within the /eucopeza group, 

the three North American species are dis- 

tinguished by the following combination of 

characters: Head: Frons with transverse yel- 

lowish orange band posteriad of white band, 

more or less separated from the latter by a 

narrow black band (black band sometimes 

interrupted medially); fronto-orbital setae 

about '2 as long as diameter of eye and 2- 

3 times length of ocellar seta; arista bearing 
short rays, arista appearing straight (zigzags 

and rays of arista closely approximate); face 
with distinct, transverse, white band. Tho- 

rax: postpronotum brown to black; halter 

variable in color; vein R,,,; bowed; hind 

femur of ¢ lacking a lobe. Abdomen: entirely 

black or dark colored. 

We compared Nearctic specimens with 

numerous specimens of 4. /eucopeza from 

the Old World. Locality data for the latter 

are: ENGLAND. Birkshire: Windsor For- 

est, 15-27 May 1988, 1989, P. J. Chandler 

(3 6; USNM). FRANCE. Versailles S.-et-O.., 
4 Jun 1945, J. d’Aguilar (1 ex; USNM). 

GERMANY. Cuxhaven, 21 Aug 1984, W. 

N. Mathis (1 6, 1 2; USNM). HUNGARY. 
Matra Mountains (400-1000 m), 24 Aug 

1986, A. Freidberg (1 2; TAU). ISRAEL. 

Panyas (Baniass), 2 Aug—9 Sep 1981, 1982, 

A. Freidberg, F. Kaplan (3 4, 1 9; TAU); 

Herzliyya, 21 Jun 1986, A. Freidberg (1 4, 

1 2; TAU); Pa’ar Cave, 7-8 Aug 1986, A. 

Freidberg, W. N. Mathis (5 4, | 9; TAU, 

USNM); Tel Aviv (wound on Ficus syco- 

morus), 17 Feb-17 Dec 1977, 1978, A. 

Freidberg (3 4, 2 9; TAU). ITALY. M. Bezzi 



586 

(4 6, USNM). Sicily: Erice, 29 Aug 1982, A. 

Freidberg (1 ¢; TAU). POLAND. Wroclaw 

District: Wroclaw, 5 Apr 1982, T Zatwar- 
nicki (1 4, 2 9; CAS, TAU). SPAIN. Canary 

Islands: La Palma, Cubo de la Galga (laurel 

forest), 27 May-2 Jun 1976, P. J. Chandler 

(2 6, 1 9; USNM). SWEDEN. Skane: Lund, 

29 Oct 1957, J. R. Vockeroth (1 6, 1 2; CNC). 

Barraclough (1993) recently described two 

Afrotropical species of Aulacigaster, A. af- 

ricana and A. perata, and compared them 

with 4. /eucopeza. Barraclough included the 

latter species in the diagnosis, discussion, 
key, and illustrations to facilitate identifi- 
cation and comparison, and thus, we have 

not included that species here. 

Key TO THE NEARCTIC SPECIES OF 

AULACIGASTER 

1. Larger (wing length averaging 2.6 mm), darker, 

and shinier species; shiny spot on vertex small, 

at most extended from ocellus half way to eye 

margin, sometimes indistinct; anepisternum 

with ventral 3 shiny, bare of microtomentum, 

bordered dorsally by dense gray microtomentum, 

katepisternum, coxae, femora, and abdomen 

strongly shiny, lacking microtomentum, al- 

though fore femur sparsely microtomentose 

anteriorly; acrostichal setulae in two rows along 

entire length; Ist flagellomere usually black- 

ened on dorsal 73; male terminalia: surstylus 

broad, wider than width of apical portion of 

aedeagal apodeme _A. mcalpinei, new species 

— Smaller (wing length averaging 2.35 mm) and 

duller species; shiny spot on vertex larger and 

distinct, extended from ocellus 7 distance to 

eye margin; anepisternum usually entirely mi- 

crotomentose, rarely with a bare, shiny stripe 

ventrally; katepisternum, coxae, femora, and 

abdomen not strongly shiny, at least partially 

covered with microtomentum; acrostichal 

setulae in a single median row anteriorly, row 

bifurcated at posterior /2-*4; Ist flagellomere 

with only dorsal 4 darkened; male terminalia: 

surstylus narrow, narrower than width of apical 

portion of aedeagal apodeme 

Surstylus moderately long (Fig. 7): panties in 

lateral view with posterodorsal portion round- 

ed (Fig. 8) _A, neoleucopeza, new species 

— Surstylus short (Fig. 11); gonite in lateral view 

with a distinctly pointed process posterodor- 

sally (Fig. 12) . _ A. sabroskyi, new species 

Nm 

Nm 
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Aulacigaster neoleucopeza 

Mathis and Freidberg, 

NEw SPECIES 

Figs. 1-10 

Aulacigaster leucopeza of authors, not Mei- 

gen, 1830: 100.—Christianson and Ryck- 

man, 1955: 17 [list]. —Wirth, 1965: 823 

[Nearctic catalog].—Davis and Zack, 

1978: 129-130 [host records, natural his- 

tory, rearing from Douglas fir in Ore- 
gon].—Teskey, 1987: 891-894 [manual 

of Nearctic Diptera]. 

Description.—Small and generally dull 

species, wing length averaging 2.35 mm. 

Head (Figs. 1-4): Anterior head ratio 0.6; 

lateral head ratio 0.9; frontal ratio 0.78; fa- 

cial ratio 0.3; eye ratio 1.0; eye-to-gena ratio 

0.1; inner vertical seta subequal to outer 

seta; frons with a sharply defined, trans- 
verse, white band; ocellar seta minute; an- 

terior fronto-orbital seta inserted distinctly 
laterad, almost aligned transversely with 

posterior seta; | proclinate setula between 

fronto-orbital setae; face with a sharply de- 

fined transverse band on protrudent, ven- 

tral part; facial shape with dorsal half con- 

cave, ventral portion projected; shiny spot 

on vertex large and distinct, extended from 

ocellus 73 distance to eye margin; Ist fla- 

gellomere barely to partially darkened dor- 

sally. 
Thorax (Figs. 5, 6): Color and density of 

microtomentum of mesonotum mostly uni- 

form and even; anepisternum usually en- 

tirely microtomentose, rarely with a bare, 

shiny stripe ventrally; katepisternum, cox- 

ae, femora, and abdomen not strongly shiny, 

at least partially microtomentose; acrosti- 

chal setulae mostly in one row, row bifur- 

cated posteriorly, bifurcation beginning at 
level between anterior and posterior dor- 

socentral setae. Wing ratio 0.51; ratio of 
costal sections 4 to 3 averaging 1.48 (range 
1.26-1.79); vein CuA,/dm-cu ratio aver- 

aging 3.0 (range 2.67-3.4); costal vein ratio 

0.23; vein M ratio 0.5. Halter with knob 
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Figs. 1-6. 

for all photographs = Fig. 1). 1, Head, lateral view (0.38 mm). 2, Same, anterodorsal view (0.30 mm). 3, Frons, 

anterodorsal view (231 um). 4, Antenna, lateral view (120 um). 5, Scutum, dorsal view (231 um). 6, Katepister- 

num, lateral view (150 um). 

mostly dark brown anteriorly, but with some 

whitish coloration dorsally, to mostly pale, 

with only anterior spot dark. 

Abdomen: Abdomen subshiny, at least 
partially covered with microtomentum. 

Male terminalia (Figs. 7-9): surstylus (Fig. 

7) narrow, width about '2 that of antero- 

dorsal process of gonite; subepandrial scler- 

ite (Fig. 9) with 4 mostly posteriorly di- 

rected processes, lateral arms better 

sclerotized, curved posterolaterally, with 

slight recurved apices; median processes 

with deep, narrow cleft between them, fused 

only on basal '4; gonite (Fig. 8) lacking 

pointed projection posterodorsally, more 

broadly developed ventrally, abruptly nar- 

rowed at ventral gonal bridge; ventral gonal 

bridge straight or slightly indented poste- 

Scanning electron micrographs of Aulacigaster neoleucopeza (scale length in parentheses; bar scale 

riorly; ejaculatory apodeme mostly straight, 

except at base, nearly as well developed as 

the apex of the aedeagal apodeme. 

Type material.— The holotype ¢ is labeled 

“USA. MD:Montgomery Co., Potomac{,] 

23 July-23 Aug 1989[,] Amnon Freidberg[,] 
slime flux on oak/HOLOTYPE ¢ Aulaci- 

gaster neoleucopeza W.N.Mathis & Freid- 

berg USNM [gender symbol, species name, 

and “& Freidberg”’ handwritten; red].”” The 
holotype is double mounted (minuten in a 

plastic block), is in excellent condition, and 

is deposited in the USNM. The allotype fe- 

male and 31 other paratypes (22 6, 9 2; TAU, 

USNM) bear the same locality label data as 

the holotype. Other paratypes are as fol- 

lows: MARYLAND. Prince Georges Co., 

Camp Springs, | Apr 1979, G. F. Hevel (16 
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Figs. 7-9. 
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Male terminalia of Au/acigaster neoleucopeza. 7, Epandrium and surstylus, lateral view. 8, Gonite, 

lateral view. 9, Subepandrial sclerite, ventral view. Scales = 0.1 mm. 

4, 7 2; USNM). VIRGINIA. Stafford Co., 
Stafford (4 mi N), 14 Aug 1990, W. N. 

Mathis (3 6; USNM). 

Other specimens examined.—CANADA. 

ALBERTA. Edmonton, 29 Apr 1924, O. 

Bryant (6 4, 4 9; CAS, USNM); Elkwater 

(49°42'’N, 110°16’'W), 29 May 1955, J. R. 
Vockeroth (1 2; CNC). BRITISH COLUM- 
BIA. Remo (7 mi SW Terrace, flowers of 

Heracleum), 6-13 Jun 1960, J. G. Chillcott 

(1 4,19; CNC). MANITOBA. Minette (flood 
plain community, bleeding stumps of Acer 
negundo), 5 May 1958, J. F. McAlpine (2 
4,29; CNC). NEW BRUNSWICK. Kouchi- 
bouguac National Park, 17 May 1977, B. 

Cooper (1 9; CNC). ONTARIO. Carp 

(bleeding maple stump), 22 Apr 1954, J. F. 
McAlpine (2 46; CNC); Maynooth, 22 Jun 

1953, J. F. McAlpine (1 é, 1 ¢; CNC); Mid- 

land, 20 Aug 1955, J. G. Chillcott (1 2; CNC); 

Ottawa, 18 Apr-18 Jun 1951, 1983, D. G. 

F. Cobb, J. F. McAlpine, J. R. Vockeroth 

(4 6, 4 9; CNC). QUEBEC. Duncan Lake 

near Rupert, 31 Jul 1971, J. F. McAlpine 

(1 2; CNC); La Ferme, 11 Jul 1913, A. Rob- 

ert (1 2; CNC); Old Chelsea, 16 Apr-3 May 
1939, 1958, G. S. Walley, G. E. Shewell, J. 

R. Vockeroth (1 4, 2 2; CNC). SA4SKATCH- 
EWAN. Maple Creek, 28 May 1955, J. R. 

Vockeroth (1 8; CNC). MEXICO. BAJA 

CALIFORNIA NORTE. San José (reared 

from ooze from cottonwood), 6 Nov 1953, 
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R. E. Ryckman, C. C. Lindt (4 4, 1 9; USNM); 
Tecate (ex Populus ooze), 16 Jun 1964, R. 

Duke (1 6, 1 2; USNM). UNITED STATES. 

CALIFORNIA. Kern Co., Kern Canyon, 

Apr 1934, A. H. Sturtevant (1 4, 2 2; USNM); 

Rosamond, 17 Oct 1956, A. H. Sturtevant 

(2 2; USNM); Tupman (4 mi E), Kern River 

(Populus slime flux), 1 Jul 1984, E. M. Fish- 

er (1 4, 1 2; CAS). Los Angeles Co., Glen- 
dora, 15 Mar 1929, A. H. Sturtevant (1 2; 

USNM). Napa Co., Moskowite Corner (5.5 

km NW, 200 m), Capell Creek, 4 Sep 1977, 

P. H. Arnaud, Jr. (1 4, 1 2; CAS). Riverside 

Co., Mecca, Cottonwood Spring, May 1939, 
A. H. Sturtevant (2 9; USNM); San Juan 

Canyon, 22 Jul 1953, A. H. Sturtevant (2 

2; USNM). San Bernardino Co., Redlands, 

27 May 1923, F. R. Cole (1 4, 1 ¢; USNM); 

south fork Santa Ana River near Melander 

cabin, 2 Jul 1968, P. H. Arnaud, Jr. (1 9; 

CAS); 29 Palms (Oasis Nature Area), 13 Jan 

1953, P. H. Arnaud, Jr. (1 ex; USNM). San 

Diego Co., Alpine (ex. Rhus ovata), 12 May 

1959, Moffet (1 2; USNM): Palomar Moun- 

tain (5300 ft), 23 Jul 1953, A. H. Sturtevant 

(3 6, 1 2; USNM). Santa Clara Co., Palo 

Alto, 14 Jun-17 Jul 1921, A. H. Sturtevant 

(4 6; USNM); Stanford University, 7 May 

1961, P. H. Arnaud, Jr. (1 2; CAS). CON- 
NECTICUT. Fairfield Co., Redding, 31 Mar 
1929, A. L. Melander (1 2; USNM). [DA- 

HO. Bear Lake Co., Montpelier (3.2 km E), 

15 Aug 1981, P. H. Arnaud, Jr. (1 4; CAS). 

ILLINOIS. Champaign Co., Champaign 

(bleeding elm), 14 Oct 1956, J. F. McAlpine 

(2 6; CNC); Urbana (at light), 20 Apr 1957, 

J. F. McAlpine (1 3; CNC). Flat Rock, 1915 

(1 6, 3 2; USNM). INDIANA. Tippecanoe 

Co., Lafayette, 26 Jul 1916, J. M. Aldrich 

(1 9; USNM). JOWA. Story Co., Ames, 1 

Apr 1918 (1 ¢; USNM). Webster Co., Le- 

high, 15 Apr 1955, D. M. Norris (1 2; 

USNM). KANSAS. Douglas Co., Lawrence, 

22 Jun 1922, C. H. Curran (1 6, 2 ¢; CNC). 

MARYLAND. Montgomery Co., Bethesda, 

27 Jul 1965, G. C. Steyskal (4 4, 3 2; USNM); 
Colesville, 14 Jun 1977, W. W. Wirth (1 2; 
USNM); Glen Echo, 6 Aug 1922, J. R. Mal- 
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loch (1 6; USNM); Plummers Island, 3 Aug 
1912 (84, 5 2; USNM). Prince Georges Co., 

Marlboro, May 1913, H. S. Barber (1 2; 

USNM). MASSACHUSETTS. Barnstable 

Co., Naushon Island, 30 Jul 1922, A. H. 

Sturtevant (1 2; USNM); Woods Hole, Jul- 

20 Sept 1922, A. H. Sturtevant (7 4, 8 9; 

USNM). Middlesex Co., Cambridge, 15 Jul 

1981, N. E. Woodley (1 9; NEW). MICH- 

IGAN. Wayne Co., Detroit, 13 Apr-18 Jul 

1938, 1942, 1943, G. C. Steyskal (4 4, 2 2; 

USNM); Grosse Isle, 11 Jul 1948, G. C. 

Steyskal (1 2; USNM). MINNESOTA. 

Mahnomen Co., Itasca State Park, 15 Jul 

1952 (6, 1 9; AMNH). NEVADA. Storey Co., 

Verdi, Crystal Peak Park (1480 m), 28 Jul 

1973, P. H. Arnaud, Jr. (1 3; CAS). NEW 

HAMPSHIRE. Grafton Co., Hanover, 31 

Aug 1916, A. H. Sturtevant (1 4; USNM). 

NEW JERSEY. Morris Co., Morristown, 9 

Apr 1922, A. H. Sturtevant (2 ?; USNM). 

NEW MEXICO. Otero Co., Cloudcraft (Pi- 

nus ponderosa), E. J. Hay (1 6, USNM). 

NEW YORK. Broome Co., Chenango Val- 

ley State Park, 15 Apr-6 May 1982, D. A. 

Grimaldi (1 4, 2 2; AMNH). Tompkins Co., 

Brown Farm, Caroline Center (1 km S, at 

maple sap flux), 19 Apr 1986 (1 2; AMNH): 

Ithaca, 15 Apr 1913, H. Morrison (2 2; 

USNM); Trumansburg (at maple sap flux), 

16-22 Jun 1983, D. A. Grimaldi (1 2; 

AMNH). Vestal (banana bait), 1 Jun 1981, 

D. A. Grimaldi (1 2; AMNH). OREGON. 

Jackson Co., Trail, 20 Aug 1951, A. H. Stur- 
tevant (2 6; USNM). Union Co., U. Lick 

Creek (28 mi SE Union, 4280 ft, sap flow), 
23 Apr 1977, R. S. Zack (1 6; USNM). Wal- 

lowa Co., Elgin (22 mi N, Alnus seep), 20 

May 1977, E.S. Davis (1 2; USNM). PENN- 

SYLVANIA. Dauphin Co., Harrisburg (sap 

flux on U/mus; slime flux on oak tree), 15 

Apr-19 Jul, K. R. Valley (3 4; PDA); Phil- 

adelphia Co., Roxborough, 30 Apr 1910 (2 

6, USNM). SOUTH DAKOTA. Brule Co., 

Chamberlain, 25 Jun 1948, A. H. Sturte- 

vant (1 46, 3 9; USNM). UTAH. Washington 

Co., Zion National Park, 7 Jun 1934, A. H. 

Sturtevant (3 4, 1 2, 1 ex; USNM). VER- 
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Fig. 10. Distribution map for Aulacigaster neoleucopeza. 

MONT. Orange Co., Fairlee, 5 Aug 1956, 
A. H. Sturtevant (1 4; USNM). Windsor Co., 

Mad Brook Farm, E. Charleston, New 

Hampshire, 15-25 Jul 1982, D. A. Gri- 

maldi (2 46, AMNH). VIRGINIA. Fairfax 

Co., Dead Run, R. C. Shannon (8 4, 9 2; 

USNM); Mt. Vernon (on tree trunk), 22 Aug 

1976, P. H. Arnaud, Jr. (1 9; CAS). WASH- 

INGTON. Walla Walla Co., Walla Walla, 

Mill Creek, 2-6 Jul 1922, V. N. Argo, A. L. 
Melander (16 4, 8 2; USNM). WASHING- 

TON, D.C. 19 Jun-17 Aug 1913, 1944 (2 

6, | 2; USNM). WISCONSIN. Dane Co., 

29 Apr 1951, R. H. Jones (1 3; USNM). 

Distribution (Fig. 10).—Nearctic: Cana- 

da (AB, BC, MN, NB, ON, PQ, SK), Mexico 

(BCN), United States (AZ, CA, CT, IA, ID, 

IL, IN, KS, MA, MD, MI, MN, NH, NJ, 
NM, NV, NY, OR, PA, SD, UT, VA, VT, 
WA). 

Natural history.—This species has been 

collected on wounds and fluxes from the 
following genera of deciduous trees: Acer, 

Alnus, Pinus, Platanus, Populus, Quercus, 
and Salix. Davis and Zack (1978) reared 

adults from larvae that were in seeps of a 

wounded Douglas fir (Pseudotsuga menzie- 
sii (Mirbel) Franco). 

Diagnosis.— This species is most readily 

distinguished from A. mcalpinei by the 

mostly to entirely microtomentose anepi- 

sternum. Several other characters are noted 

in the key. This species 1s also very similar 

to A. leucopeza (Meigen) from the Palearctic 
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Figs. 11-13. Male terminalia of Aulacigaster sabroskyi. 11, Epandrium and surstylus, lateral view, 12, Gonite, 

lateral view (VGB = ventral gonal bridge; PP = posterodorsal process). 13, Subepandrial sclerite, ventral view. 

Scales = 0.1 mm. 

Region and A. sabroskyi from Arizona and of A. sabroskyi have a pointed process at 

New Mexico. It differs from either of the this position). 

latter two species by characters of the male 

terminalia, specifically the weakly devel- Aulacigaster sabroskyt 
oped cerci (prominent, broadly developed, Mathis and Freidberg, 
parallel-sided processes in A. /eucopeza), the New SPECIES 
length of the surstylus, which is moderate Figs. 11-14 
long (intermediate to the length of 4. leu- Description. — Smaller and generally dull- 

copeza and A. sabroskyi), and the rounded er species, wing length 2.00-2.20 mm. 

posterodorsal portion of the gonite (males Head: Anterior head ratio 0.61; lateral 
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Fig. 14. 

head ratio 0.77; frontal ratio 0.81; facial ra- 

tio 0.31; eye ratio 0.96; eye-to-gena ratio 
0.15; inner vertical seta subequal to outer 

seta; frons with a sharply defined, trans- 

verse, white band; ocellar setae minute; an- 

terior fronto-orbital seta distinctly laterad 

and almost aligned transversely with pos- 

terior seta; | proclinate setula between fron- 

to-orbital setae; face with a sharply defined 
transverse band on protrudent, ventral part; 

facial shape with dorsal half concave, ven- 

tral portion projected; shiny spot on vertex 

large and distinct, extended from ocellus 7 

distance to eye margin. Ist flagellomere 

barely to partially darkened dorsally. 

Thorax: Color and density of microto- 

mentum of mesonotum mostly uniform and 

Distribution map for Au/acigaster mcalpinei (dots) and A. sabroskyi (diamonds). 

even; anepisternum usually entirely micro- 

tomentose, rarely with a bare, shiny stripe 

ventrally; katepisternum, coxae, femora, and 

abdomen not strongly shiny, at least par- 

tially microtomentose; acrostichal setulae 

mostly in one row, row bifurcated posteri- 

orly, bifurcation beginning at level between 

anterior and posterior dorsocentral setae. 

Wing ratio 0.43; ratio of costal sections 4 

to 3 averaging 1.67 (range 1.46-1.78); vein 

CuA,/dm-cu ratio averaging 2.28 (range 

2.17-2.47); costal vein ratio 0.25; M vein 

ratio 0.52. Halter mostly pale, whitish to 

yellowish, but with some dark brown col- 

oration ventrally. 
Abdomen: Abdomen subshiny, at least 

partially covered with microtomentum. 



VOLUME 96, NUMBER 4 

Male terminalia (Figs. 1 1-13): surstylus (Fig. 

11) narrow and short, width about '2 that 

of anterodorsal process of gonite; subepan- 

drial sclerite (Fig. 13) with lateral arms nar- 

row, well sclerotized, more or less parallel 

sided, curved evenly posteriorly; median 2 

processes fused on basal '/; gonite (Fig. 12) 

with a small pointed projection postero- 

dorsally, more broadly developed ventrally, 

gradually narrowed at ventral gonal bridge: 
ventral gonal bridge arched anteriorly; ejac- 

ulatory apodeme mostly straight, except at 

base, and nearly as well developed as the 

apex of the aedeagal apodeme. 

Type material.—The holotype male is la- 
beled ““ARIZ[ONA].:Portal 4800 Ft. VI-5- 

1967/CWSabrosky collector/At bleeding 

sap, cottonwood/HOLOTYPE ¢ Aulacigas- 

ter sabrosky1 W.N.Mathis & Freidberg 

USNM [gender symbol, species name, and 

“& Freidberg” handwritten; red].’’ The ho- 

lotype is double mounted (minuten in a po- 

lyporus block), is in excellent condition, and 

is deposited in the USNM. The allotype fe- 

male and 10 other paratypes (8 4, 2 2; 

USNM, TAU) bear the same locality label 

data as the holotype. Other paratypes are as 

follows: MEXICO. CHIHUAHUA. Camar- 

go (wound in popular tree), 30 May 1964, 

J. F. McAlpine (1 2; CNC). UNITED 
STATES. ARIZONA. Cochise Co., Portal 
(slime flux on tree), 17 May 1973, C. W. 

Sabrosky (5 é, 2 2; USNM); Portal, Turkey 

Creek (6400 ft), 18 May 1973, C. W. Sa- 

brosky (1 4; USNM): Southwest Research 

Station (5 mi W Portal, 5400 ft, ex Salix), 

15 Feb 1961, M. Mortenson (1 9; AMNH). 

Santa Cruz Co., Patagonia, Sonoita Creek, 

14 Oct 1927, J. A. Kusche (1 8; CAS). Car- 

rizo, 26 Sep 1954, A. H. Sturtevant (1 4; 

USNM). NEW MEXICO. Catron Co., 
Whitewater Canyon (ulcer on Sycamore 

tree), 1 Jun 1972, W. W. Wirth (3 4, 3 2; 

USNM). 

Distribution (Fig. 14).—Nearctic. Mexico 

(CHI), USA (AZ, NM). 

Natural history.—This species has been 

collected on wounds and fluxes from the 
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following genera of deciduous trees: Plata- 
nus, Populus, and Salix. 

Etymology.—The specific epithet, sa- 

broskyi, honors Curtis W. Sabrosky, who 

collected the primary type series and who 

has contributed substantially to the study 

of Diptera. 

Remarks. — This species is very similar to 

A. neoleucopeza but is distinguished from 

the latter by the lighter colored halter and 

by structures of the male terminalia, spe- 

cifically the short surstylus and small, point- 
ed process of the gonite. 

Aulacigaster mcalpinei 

Mathis and Freidberg, 

NEw SPECIES 

Figs. 14-23 

Description. — Large, dark, and shiny spe- 

cies, wing length averaging 2.6 mm: setae 
generally black. 

Head (Figs. 15-17): Anterior head ratio 

0.55; lateral head ratio 0.89; frontal ratio 
19.5-17.5/49; facial ratio 0.24: eye ratio 

0.92; eye-to-gena ratio 0.08; vertical setal 

ratio 0.88; frons with a sharply defined, 
transverse, white band, bordered posteri- 

orly by a relatively well-developed black 

band, subequal to white band, usually not 

interrupted medially; ocellar setae minute; 

anterior fronto-orbital seta distinctly later- 

ad and almost aligned transversely with 

posterior seta: | proclinate setula between 

fronto-orbital setae; face with a sharply de- 

fined transverse band on protrudent, ven- 

tral part; facial shape with dorsal half con- 

cave, ventral portion projected; shiny spot 

on vertex small, at most extended from 

ocellus half way to eye margin, sometimes 

indistinct. Scape and pedicel blackish brown; 

Ist flagellomere short and rounded, usually 

blackish brown on dorsal *% and basally, an- 

teroventral *4 yellow; arista short and bear- 

ing rays. Palpus white. 

Thorax (Figs. 18, 19): Mesonotum usu- 

ally appearing striped; scutum with an an- 

terior gray stripe just lateral of the acrosti- 

chal setulae and a posterior shape between 
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Figs. 15-19. Scanning electron micrographs of Aulacigaster mcalpinei (scale length in parentheses; bar scale 

for all photographs = Fig. 15). 15, Head, lateral view (0.38 mm). 16, Antenna, lateral view (86 um). 17, Frons, 

anterodorsal view (200 um). 18, Scutum, dorsal view (231 um). 19, Katepisternum, lateral view (150 um). 

the dorsocentral and supra-alar setae; scu- 

tum about as wide as long; scutellum about 

twice as wide as long; scutal microtomen- 

tum overall usually slightly bicolorous and 

striated; scutellum semicircular and slightly 

convex; anterior dorsocentral setae about '2 

length of posterior seta, both setae easily 

distinguished from setulae; acrostichal setu- 

lae in two rows, almost regular. Pleural col- 

oration: Anepisternum in lateral view with 

ventral 13 shiny, black, bare of microto- 

mentum; katepisternum largely bare, shiny 

black, with sparse microtomentum at suture 

with anepisternum and along anterior mar- 

gin. Legs: hind leg unmodified; fore coxa 

mostly shiny black, fore femur black, 

sparsely microtomentose anteriorly, mostly 

shiny posteriorly; femoral-tibial articula- 

tion yellow; fore tibia mostly dark brown 

with mid portion slightly lighter; fore tarsus 

with basal 3 tarsomeres yellow, apical 2 

blackish; mid and hind legs similar to fore- 
leg. Wing: slightly smokey; wing ratio 0.40; 

costal ratio 19/36/5/4.5; ratio of costal sec- 

tion 4 to 3 averaging 1.1 (range 0.92-1.22); 

cell dm ratio 24.5/3; costa not spinose; vein 

R,,,; distinctly bowed anteriorly; veins R,, ; 

and M slightly convergent; crossvein r-m 

perpendicular; vein Cu/dm-cu ratio aver- 

aging 2.6 (range 2.30-2.65). Halter with 

knob mostly blackish brown. 

Abdomen: Abdomen strongly shiny, 
generally lacking microtomentum. Male 

terminalia (Figs. 20-22): surstylus (Fig. 20) 

in lateral view broad, as wide or wider than 

anterodorsal process of gonite (Fig. 21), 
pointed apically; subepandrial sclerite (Fig. 

22) in dorsal view with lateral arms and 



VOLUME 96, NUMBER 4 

aie hy 

Figs. 20-22. 
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21 

22 

Male terminalia of Aulacigaster mcalpinei. 20, Epandrium and surstylus, lateral view. 21, Gonite, 

lateral view. 22, Subepandrial sclerite, ventral view. Scales = 0.1 mm. 

median processes fused basally, median 

arms fused to form a single process that is 
enlarged apically and bears 2 apical setulae, 

lateral arms curved laterally and pointed 

apically; gonite (Fig. 21) in lateral view with 

pointed process posterodorsally, gradually 

narrowed ventrally to ventral gonal bridge; 

ventral gonal bridge directed anteriorly; 

ejaculatory apodeme gracile, irregularly 

arched over most of length, markedly more 

slender than apical portion of aedeagal apo- 

deme. Female: spermathecae (Fig. 23) 3; 

barrel shaped, lateral margins arched slight- 

ly outwardly; ducts of 2 spermathecae 

merged, forming a common duct shortly af- 

ter exiting spermathecae. 

Type material.—The holotype male is la- 

beled “USA. MD:Montgomery Co., Poto- 
mac 23 Jul—-23 Aug 1989 Amnon Freidberg 
slime flux on oak/HOLOTYPE ¢ Aulaci- 
gaster mcalpinei W.N.Mathis & Freidberg 

USNM [gender symbol, species name, and 
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ERY, 
Fig. 23. Spermathecae of Aulacigaster mcalpinei. 

Scale = 100 um. 

“& Freidberg” handwritten; red].”” The ho- 

lotype is double mounted (minuten in plas- 

tic elastomer block), is in excellent condi- 

tion, and is deposited in the USNM. The 

female allotype and 32 other paratypes (17 

6, 15 2; TAU, USNM) bear the same label 

data as the holotype. Other paratypes are as 

follows: CANADA. ONTARIO. Ottawa, 27 

Apr-1 May 1955, 1983, D. G. F. Cobb, J. 

R. Vockeroth (3 6, 2 9; CNC); Ottawa, Mc- 
Kay Lake, 27-28 Apr 1983, J. F. McAlpine 
(2 46, 1 9; CNC); Ottawa, Rockcliffe, McKay 

Lake, 27-28 Apr 1955, D. G. F. Cobb, J. 

F. McAlpine (4 8; CNC). UNITED STATES. 

ARKANSAS. Logan Co., Magazine Moun- 

tains (oak sap flux), 6 Jul 1992, D. Grimaldi 

(10 4, 6 2; AMNH, USNM). CONNECTI- 

CUT. Fairfield Co., Redding, 31 Mar 1929, 
A. L. Melander (4 6, 4 2; USNM). NEW 
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HAMPSHIRE. Hillsboro Co., Hollis 
(Beaver Brook Association), 20 Apr 1980, 

N. E. Woodley (14 4, 8 9; NEW, USNM). 
VIRGINIA. Fairfax Co., Dead Run (at sap 

tree, at sap sugar maple), 8 Mar—28 Jul 1914, 

1915, 1916, 1925, R. C. & E. M. Shannon 
(17 6, 21 2; USNM). 

Other specimens examined. —CANADA. 

ONTARIO. Endymion Island, St. Lawrence 

Island National Park, 24 Aug 1976, A. Car- 

ter (1 2; CNC). QUEBEC. Mistassini, 4 Jul 

1944, A. Robert (1 9; CNC). UNITED 
STATES. ARKANSAS. Garland Co., Hot 

Springs National Park, 29 Aug-13 Sep 1943, 
B. C. Marshall (2 2; USNM). FLORIDA. 

Alachua Co., Gainesville, 22 May 1957, H. 
V. Weems (3 6; USNM). JLLINOIS. Cook 

Co., Chicago (1 2; USNM). Macoupin Co., 

Carlinville, Robertson (1 ¢; USNM). JN- 

DIANA. Dubois Co., Ireland (in trap), 17 

Jul 1965, O. Mund (1 6; USNM). MARY- 
LAND. Montgomery Co., Colesville (Mal- 

aise trap), 26 Jun 1977, W. W. Wirth (1 2; 

USNM); Glen Echo, 23 Jul-6 Aug 1922, J. 
R. Malloch (1 4, 2 2; USNM); Plummers 

Island, 25 Mar—18 Aug, 1912, 1914, 1916, 
W. L. McAtee, R. C. Shannon (5 4, 3 2; 

USNM). Prince Georges Co., College Park, 
29 Jun 1933, C. T. Greene (1 6; USNM). 

MASSACHUSETTS. Middlesex Co., Cam- 

bridge, 7-16 Jul 1981, N. E. Woodley (3 2; 
NEW). Suffolk Co., Boston (Arnold Arbo- 

retum), 18 Apr 1980, N. E. Woodley (3 4, 

1 2; NEW). MICHIGAN. Livingston Co., 

Es. George Reserve, 16 Apr 1950, K. Bohn- 

sack (1 2; USNM). Washtenaw Co., Ann 

Arbor, 30 Apr 1936, G. C. Steyskal (1 2: 

USNM). Wayne Co., Detroit, 29 Aug 1943, 
G. C. Steyskal (1 2; USNM); Grosse Isle, 2 

Apr 1957, G. C. Steyskal (1 2; USNM). 

MINNESOTA. Olmsted Co., C. Ainslio (1 

9; CNC). NEW JERSEY. Bergen Co., 
Ridgewood (bred spadices), Apr 1987, A. 

Soll (2 9; AMNH). Mercer Co., Princeton, 

14 Mar 1916 (1 2; USNM). NEW YORK. 

Broome Co., Chenango Valley State Park, 

15 Apr-16 May 1982, D. A. Grimaldi (1 4; 
AMNH). Tomkins Co., Ithaca, 15 Apr 1913, 
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H. Morrison (2 2; USNM). PENNSYLVA- 

NIA. Dauphin Co., Harrisburg (sap flux on 

U/mus; slime flux on oak tree), 15 Apr-19 

Jul 1982, 1985, K. R. Valley (2 4, 1 9; PDA). 
Mecklenburg Co., Highway 51 (1 mi W of 
Rt. 16 near Matthews; Magnolia cone and 
flower of Magnolia grandiflora), 12-23 May 
1979, 1981, A. G. Wheeler, Jr. (1 6; PDA). 
Schuylkill Co., Highway I-81 (2.6 mi S, at 

exit 31, Rt. 433: sap flux on Betula), 29 Apr 

1986, K. R. Valley (1 6; PDA). VIRGINIA. 
Fairfax Co., Mt. Vernon, 8 Jul-22 Aug 1956, 
1976, P. H. Arnaud, Jr. (2 6; CAS, USNM). 

Alexandria, Maywood (at oak sap), 4 May 

1916, W. L. McAtee (1 6; USNM). Falls 
Church, Holmes Run (light trap), 14 Jun— 

23 Aug 1961, W. W. Wirth (1 4, 1 9; USNM). 
Scotts Run, Stubblefield Falls (on Pinus vir- 

giniana), J. R. Malloch (1 4, 1 ?¢; USNM). 

Shenandoah Co., Big Meadows, 15 Jun 

1941, A. L. Melander (1 2; USNM). WASH- 

INGTON, D.C. 3 Mar-4 Aug 1927, H. S. 

Barber (1 4, 1 ¢; USNM). 

Distribution (Fig. 14).—Eastern North 

America: Canada (ON, PQ), United States 

(AR, CT, DC, IL, IN, MA, MD, MI, MN, 
NH, NJ, NY, PA, VA). 

Natural history.—This species has been 
collected on tree wounds and fluxes of the 

following genera of deciduous trees; Acer, 

Pinus, and Quercus. 

Etymology. — We are pleased to name this 

species after J. Frank McAlpine, who first 

discovered this species and has contributed 

much to the study of Diptera. 

Diagnosis.—This species is the most eas- 
ily distinguished of the Nearctic species and 
can be readily identified on external char- 

acters (see key). Structures of the male ter- 

minalia are also diagnostic, especially the 

broadly developed surstylus and large 

pointed posterodorsal process of the gonite. 
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VACCINIDIPLOSIS, A NEW GENUS FOR CECIDOMYIA VACCINII 
OSTEN SACKEN (DIPTERA: CECIDOMYIIDAE) 
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(RJG) Systematic Entomology Laboratory, PSI, Agricultural Research Service, USDA, 
% U.S. National Museum NHB 168, Washington, D.C. 20560; (JAP) Southeastern Fruit 
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Abstract. —The adult and pupal stages of Cecidomyia vaccinii Osten Sacken are described 

for the first time and the larva is redescribed. Vaccinidiplosis Gagné, a new genus in the 

supertribe Cecidomyiidi, is expressly erected for C. vaccinii. Vaccinidiplosis vaccinii forms 

a scallop-shaped leaf gall on deerberry, Vaccinium stamineum (Ericaceae). Past records 

of this gall midge on other hosts are discussed. 

Key Words: 

Osten Sacken (1862) named Cecidomyia 

vaccinil for a larva from leaf galls on a Vac- 

cinium from Washington, D.C. His full 

description of the larva consisted of, “‘a red- 

dish larva.” Osten Sacken’s description of 

the gall was more diagnostic, which has 

made it possible to associate his species with 

a particular gall on Vaccinium (Fig. 1). Galls 

are usually green and scallop-shaped with a 

serrate distal margin. Galls may turn orange 

to red in the fall or after leaves are picked. 

They are attached to the main veins on the 

under surface of leaves, which makes them 

inconspicuous from above. Galls may be 
found from July to October along the At- 

lantic United States from Massachusetts to 

Georgia. Each gall contains one to several 

larvae. Larvae remain in the first instar for 

most of the summer, usually until late Au- 

gust, when growth proceeds quickly through 

the second instar to the mature third and 

last instar. When larvae become fully de- 
veloped in autumn, the galls split lengthwise 

into two equal halves. The larvae then drop 

to the ground, burrow under the surface, 

Gall midge, Nearctic, deerberry, Vaccinium, Ericaceae 

and form cocoons. Adults emerge the fol- 
lowing spring. 

We have found the galls only on deer- 

berry, Vaccinium stamineum L., in Georgia 

and Maryland, never on other blueberries 

or huckleberries. Galls have been found also 
on V. stamineum from Pennsylvania (J. 

Plakidas, personal communication, speci- 

mens in the National Museum of Natural 
History), North Carolina (Beutenmiiller 

1907), and Massachusetts (Stebbins 1910). 

Osten Sacken’s original gall specimens, col- 

lected in Washington, D.C., and preserved 

in the National Museum of Natural History, 
were probably also from deerberry. He re- 

ported the host as “Vaccinium (or Gaylus- 

sacia?),” but the under surface of his galled 
leaves do not have the glandular surface of 

a Gaylussacia. The leaves otherwise agree 

in shape with those of V. stamineum. Proc- 

ter (1946) listed a “blueberry leaf gall” as 
common on Vaccinium sp. on Mount De- 

sert Island, Maine. The gall was not specified 

further and V. stamineum is not known from 

Maine (Vander Kloet 1988), so it is possible 
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that a gall similar to that of C. vaccinii oc- 

curs on another Vaccinium in Maine. 

We cannot corroborate literature records 

of C. vaccinii from Gaylussacia (huckleber- 
ry), because we have seen no leaf galls on 

plants of that genus. It is possible also that 

such records are due to the misapplication 

of the common name “huckleberry.”” The 

common name “huckleberry” is correctly 

applied only species of Gaylussacia. How- 

ever, Johnson (1899) recorded C. vaccinti 

from New Jersey “on leaves of the huck- 

leberry, Vaccinium sp.,” and Felt (1918, 

1940) reported the species from ‘‘dangle- 

berry, Gaylussacia frondosa.” Britton and 
Brown (1913) listed squaw-huckleberry and 

dangleberry among common names of Po- 

lycodium (now Vaccinium) stamineum, so 

Johnson’s record, at least, could have re- 
ferred to V. stamineum. The Felt Collection 

has no representatives of galls or specimens 

from this kind of gall on Vaccinium or Gay- 

Leaf of deerberry, 1. stamineum, showing galls of V. vaccinii attached to the veins on abaxial surface. 

lussacia. Possibly Felt never collected the 

species and misapplied a scientific name to 

someone else’s common name. Leonard’s 

(1928) list of the insects of New York, where 

Felt did most of his own collecting, does not 

include C. vaccinii. Incidentally, Felt (1918) 

cited Beutenmiiller (1907) for the dangle- 

berry or Gaylussacia record, but Beuten- 

miiller’s paper refers only to V. stamineum 

as the host. Gagné (1989) listed C. vaccinii 

from V. stamineum, Vaccinium spp., and 

possibly Gaylussacia, but these records were 

based on the literature. Lacking hard evi- 

dence to the contrary, C. vaccinii 1s defi- 

nitely known only from V. stamineum. 

The genus Cecidomyia was once used as 

an artificial category to which were assigned 

some species that could not be placed in any 

known genus. Many of these, for example 

C. vaccinil, were known only from the larval 

stage. Cecidomyia is now restricted to a nat- 

ural group of species that feed on resin of 
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conifers (Gagné 1978), leaving in uncertain 
generic placement many species that are 

known only from larvae and cannot be 

placed in any known genus. In Gagné (1989), 

for example, this species was treated as ““Ce- 

cidomyia” vaccinii. The adults we have ob- 

tained can still not be placed in any genus 

known to us, so a new genus is erected for 
this species. The new genus belongs to the 
supertribe Cecidomyiidi because of the bi- 
nodal, tricircumfilar male antennae, but 

cannot be placed in any named tribe. 

METHODS 

We followed the growth of this species in 

Georgia by picking galls periodically for one 

season. Galls were sent live to Washington 

for examination. Samples were stored in 
70% ethanol. Some larvae and resulting 

adults were mounted for microscopic study 

in Canada balsam, using the method out- 
lined in Gagné (1989). In the descriptions 

that follow, anatomical terminology of the 

adult stage follows usage in McAlpine et al. 

(1981) and that of the larval stage follows 

that in Gagné (1989). The new genus is to 

be attributed to Gagné. 

Vaccinidiplosis Gagne, NEW GENUS 

Adult. — Head (Fig. 2): Eyes separated at 
vertex; facets circular, closely adjacent. Oc- 

ciput without dorsal protuberance. Frons 

with 5-11 setae per side. Labella hemi- 

spherical, each with 6-8 lateral setae and 

rounded at apex. Palpus with 3 to 4 seg- 

ments. Antenna with first and second fla- 

gellomeres not connate. Female flagello- 

meres (Fig. 3) cylindrical with short necks, 

each with 3 circumfila, the basal one dis- 

crete, the distal two connected on one side 

of node; circumfila with short loops, their 

bases irregularly placed; setulae sparse, oc- 

curring mainly at base of flagellomeres. Male 

flagellomeres (Fig. 4) binodal, internodes 

and necks less than half as long as preceding 
node; each basal node with one circumfil- 

um, each distal node with two that are con- 

nected on one side of node: circumfilar bas- 
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es not regularly aligned; circumfilar loops 

short, some emerging from a base in three 

strands instead of the more usual two found 

in other genera; setulae sparse, present only 

on basal nodes of flagellomeres. 
Thorax: Scutum with 2 lateral and 2 dor- 

socentral rows of sparse setae and no scales. 

Mesanepisternum naked. Mesepimeron 

with 2-5 setae. Wing (Fig. 5): R; curved 

apically to join C posterior to wing apex; C 

unbroken at juncture with R;: Rs moder- 

ately strong but evanescent before joining 

Sc, situated approximately halfway between 

arculus and apex of Sc: base of M weakly 

curved; Cu forked. First tarsomere without 
spur. Tarsal claws (Fig. 6) untoothed, curved 

beyond midlength; empodia slightly longer 

than claws. 

Female abdomen (Figs. 7, 8): First 

through sixth tergites entire, rectangular, 
with single row of uninterrupted posterior 

setae, each with basal pair of trichoid sen- 

silla, occasionally with 2-3 lateral setae, and 
no scales. Seventh tergite with double row 

of posterior setae and otherwise as for pre- 

ceding tergites. Eighth tergite slightly small- 

er than seventh, the posterior row of setae 

not extending as far laterally. Ovipositor 

short, slightly protrusible, distal half about 

as long as seventh tergite; cerci (Fig. 8) sep- 

arate, elongate-ovoid, bilaterally flattened, 

each with 4 or 5 thickened, sensory setae at 

apex and covered elsewhere with short se- 

tae. Hypoproct short, bilobed. 

Male abdomen: First through seventh 

tergites entire, rectangular, each with basal 

pair of trichoid sensilla, single, mesally in- 

terrupted posterior row of setae, and no oth- 

er setae or scales. Eighth tergite short, scle- 

rotized only anteriorly, with only anterior 

pair of trichoid sensilla. Genitalia (Figs. 9, 

10): cerci (a) elongate, each tapering to con- 

vex apex, with several posterior and lateral 

setae; hypoproct (b) elongate, bilobed, en- 

larged ventrally near apex to flank aedeagus, 

resulting lobes covered with short setulae 

and setae; aedeagus (c) cylindrical, as long 

as hypoproct; gonocoxite robust, with short, 



Figs. 2-10. Vaccinidiplosis vaccinii. 2, Head (frontal view, antennal flagella removed). 3, Female third fla- 
gellomere. 4, Male third flagellomere. 5, Wing (scale = 0.5 mm). 6, Foretarsal claw and empodium. 7, Female 

postabdomen, seventh segment to end (lateral). 8, Detail of female postabdomen (lateral). 9, Male genitalia 

(dorsal, showing only left gonopod); a = cerci, b = hypoproct, c = aedeagus. 10, Same (ventral, only base of 

gonopods shown). 
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Figs. 11-18. Vaccinidiplosis vaccinii. 11, Pupal head, only base of antennae shown (ventral). 12, First instar, 
head and first thoracic segment (ventral). 13, First instar, eighth and terminal abdominal segments (dorsal). 14, 
First instar, (dorsal, scale = 0.25 mm). 15, Second instar head (dorsal). 16, Third instar spatula and associated 
papillae, with enlargement of one group of three lateral papillae (ventral). 17, Third instar (dorsal, scale line = 
0.75 mm). 18, Third instar eighth and terminal abdominal segments, with detail of terminal papillae (dorsal). 
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ventromesal lobe; gonostylus short, broad- 

est near base, tapering to apical tooth, setose 

and setulose throughout. 

Pupa (Fig. 11).—Exuviae hyaline. Anten- 

nal horns not prominent, slightly pointed 

and pigmented anteroventrally. Cephalic 

pair of setae short. Prothoracic spiracle 

elongate. Abdominal segments without dor- 

sal spines, uniformly covered with short 

setulae. 

Larva.— First instar (Figs. 12-14): Body 

ovoid. Spiracles present only on prothorax 

and eighth abdominal segment. Antennae 

about three times as long as wide. Integu- 

ment mostly smooth except for fine spicules 

on ventral crawling pads and last segment. 

Papillar pattern basic for Cecidomyudi 

(Gagné 1989); papillae with short setae, ter- 

minal papillae similar to dorsal papillae in 

size. 

Second instar: Body elongate ovoid. 

Head as in Fig. 15, antennae twice as long 

as wide. Spiracles present on prothorax and 

eight abdominal segments. Spatula absent. 
Integument mainly smooth with fine spic- 

ules on ventral crawling pads. Papillar pat- 

tern as for first instar. 

Third instar (Figs. 16-18): Body elongate 

ovoid. Antennae less than twice as long as 

wide. Spatula robust, bilobed anteriorly with 

strong anterior and posterior lateral projec- 

tions. Integument minutely spiny-rugose. 

Papillar pattern basic for Cecidomyiidi 

(Gagné 1989): papillae with short setae, ter- 

minal papillae similar to dorsal papillae in 

size; at least two pairs of terminal papillae 

situated on conical projections of the integ- 

ument. 
Type species.—Cecidomyia vaccinii Os- 

ten Sacken. 

Etymology.— Vaccinidiplosis combines 

Vaccinium, the host of the genus, and ‘‘dip- 
losis.” The suffix is commonly used in ge- 

neric names of the supertribe Cecidomyiidi 

and means “double,” referring to the binod- 

al male flagellomeres. The name is femi- 

nine. 
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Remarks. — This genus differs from other 

genera of the supertribe Cecidomyiidi in 

the following combination of characters: 

the eyes are separated at the vertex; the first 

and second antennal flagellomeres are not 

connate; the two distal circumfila of each 
male flagellomere are connected, and three, 

as well as the usual two, circumfilar strands 

emanate from a single circumfilar base; fe- 
male flagellomeres each have three circum- 

fila; the presence of most of Rs and the 

curved base of M; the reduced setation of 
the adult abdomen; the short female post- 

abdomen and unmodified eighth tergite; 

and the female cerci with 4-5 sensory setae 

posteriorly. 

This genus shares some characters with 

Blaesodiplosis spp. that form complex galls 

on Amelanchier and Crataegus (Rosaceae) 

(Gagné 1973). Characters in common are 

the separated eyes, the wing venation and 

the presence of three circumfila on each of 

the female flagellomeres. These similarities 

may indicate an affinity between the two 
genera, but the male and female genitalia 

are quite different: in B/aesodiplosis the male 

hypoproct is very small relative to the large 

aedeagus, the gonocoxite is unlobed (see Fig. 

6 in Gagné 1973), and the female cerci are 
covered apically and ventrally with many 

short, blunt sensory setae. 

In the key to Nearctic genera of Cecido- 

myiidae in Gagné (1981), Vaccinidiplosis 

will key to couplet 135. It is readily sepa- 
rated from both genera, Caryomyia and 

Contarinia (in part), that terminate at that 

couplet. In those two genera eyes join at the 

vertex and antennal flagellomeres are sim- 

ilar to most Cecidomyiidae, with each male 

circumfilum discrete and the female cir- 

cumfila made up of two horizontal strands 

connected by 2 vertical strands. In Vaccin- 

idiplosis the eyes are separated at the vertex, 

the male flagellomeres have interconnected 

circumfila, and female flagellomeres each 

have three circumfila, the distal two inter- 

connected. 
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Vaccinidiplosis vaccinii 

(Osten Sacken) 

vaccinii Osten Sacken 1862: 196 (Cecido- 

myia). NEW COMBINATION. Syn- 

types: 2 larvae, which are lost, and 2 leaves 

with galls, labelled “C. vaccinii O. S., Vac- 

cinium (or Gaylussacia), Washington, 
D.C.,” and deposited in the National Mu- 

seum of Natural History, Washington, 

Dic: 
gaylussacii Felt 1918: 176 (Dasyneura (sic!)), 

unjustified new name for vaccinii Osten 

Sacken; Felt 1925: 55 (Cecidomyia), Felt 

1940: 300 (Dasyneura (sic!)). 

Adult.—Coloration: Wing covered with 

fuscous scales, veins C and R5 brown; tho- 

rax black to brown; legs covered with short, 

brown scales; abdomen reddish brown. Wing 

length, 3.3 mm in male (n = 1), 3.1-3.5 mm 

(n = 5) in females. Head as in Fig. 2; an- 

tennal flagellomeres as in Figs. 3, 4; wing as 

in Fig. 5; female postabdomen as in Figs. 7, 

8; male genitalia as in Figs. 9, 10. 
Pupa.—Pupal head as in Fig. 11. 

Larva (Figs. 12-18).—Body transparent 

to white in first instar, white in second and 

early third instar, the third instar turning 
reddish as it matures. Head capsule black 

in first instar, brown in second and third. 

Distribution. —(from north to south) 

Massachusetts, Pennsylvania, New Jersey, 
Maryland, Washington, D.C., North Car- 

olina, Georgia. 
Specimens of V. vaccinii examined, all on 

slides in National Museum of Natural His- 

tory, Washington, D.C., all from Vaccinium 

stamineum. —GEORGIA: 4 second and 7 

third instars, 27-[X-1991, Brooks property, 
8 km E Fort Valley, Peach Co., J. A Payne; 
3 first instars, 4-VII-1991, 8 first instars, 19- 
VII-1991, 7 first instars, 28-VH-1991, 13 

first instars and 1| second instar, 20-VIII- 

1991, 5 second instars, 3-I[X-1991, and 6 

pupal exuviae and 6 22, emerged 23 to 25- 

IV-1992 from larvae collected X-1991, 

Peach Co., J. A. Payne. MARYLAND: 2 
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first and 3 third instars, 27-VIII-1993, 

Beltsville, R. J. Gagné. PENNSYLVANIA: 

3 third instars, 29-IX-1985, and 2 99, 
emerged 5-V-1986 from larvae collected 
X-1985, Pittsburgh, J. Plakidas; 4, 2 99, 

emerged 18 to 24-III-1993 from larvae col- 
lected X-1992, Little Rochester Creek, 7 km 

S Ingomar, J. Plakidas. 

Remarks. —Felt (1915) considered Osten 

Sacken’s Cecidomyia vaccinii as having no 

standing in zoological nomenclature and 

confused it with Cecidomyia vaccinii Smith 

(now Dasineura oxycoccana {Johnson)), a 

species that feeds in blueberry and cran- 

berry buds. Felt (1918) effectively renamed 

Osten Sacken’s species as Dasyneura (sic) 

gaylussacii Felt and attributed it to the typ- 

ical gall on Vaccinium, but ascribed “*Ce- 

cidomyia (vaccinii O.S)” to a purported gen- 

erally similar gall on Gaylussacia frondosa. 
Felt (1925) formally renamed Osten Sack- 

en’s C. vaccinii as Cecidomyia gaylussacii, 

stating that the gall might be the work of a 
Dasineura. Felt 1940 listed Dasyneura (sic) 

gaylussacii Felt for the gall of Vaccinium 
spp. but still used Cecidomyia vaccinii Os- 

ten Sacken for the gall of Gaylussacia fron- 
dosa. As argued in our introduction, there 
is no hard evidence that V. vaccinil occurs 

on Gaylussacia. 
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Abstract. —A new genus and species of the subfamily Entedoninae (Hymenoptera: Eu- 

lophidae), Callifrons maculata Schauff, Yoshimoto, and Hansson are described based on 
specimens from Costa Rica, Mexico, and the United States (Florida and Missouri). Cal- 

lifrons is differentiated from other entedonine genera by the expansion of the upper vertex 

and frons into two distinct points laterad of the eyes and is considered most closely related 

to Closterocerus and Omphale. The host is unknown. 

Key Words: 

Introduction: Over the past few years, a 

mayor effort has been underway by a group 

of American, Canadian, and European chal- 

cid workers to prepare a comprehensive set 

of keys to the genera of Chalcidoidea for the 

U.S. and Canada. As part of that work a 

number of new taxa are being described in 

most of the major families of chalcids so 
that the keys will be as up to date as possible. 

This paper describes a new genus of the 

subfamily Entedoninae (Eulophidae), mak- 
ing a name available so that the group can 

be included in the forthcoming key to eu- 
lophid genera that will be a part of the larger 

keys to the genera of the superfamily. 
Museum abbreviations used in the text 

are as follows: CNCI; Canadian National 

Collection of Insects, Agriculture Canada, 

Ottawa; BMNH, The Natural History Mu- 

seum, London; USNM, National Museum 

of Natural History, Washington, D.C.; 
LUZM, Lund University Zoological Mu- 

seum, Lund, Sweden; UCR, University of 

California, Riverside. 

Chalcidoidea, North America, Central America, Eulophidae, Callifrons 

Callifrons Schauff, Yoshimoto, and 
Hansson, NEw GENUS 

(Figs. 1-8) 

Type species: Callifrons maculata 

Schauff, Yoshimoto, and Hansson, new spe- 

cies. 

Description: Female antenna (Figs. 1, 6) 

with 5 flagellar segments, not obviously di- 
vided into funicle and club; head (Fig. 7) 

trapezoidal in side view, vertex and upper 
frons (Fig. 8) flattened, about as wide as long 

laterally, anterolateral margins expanded 

into two points forward of front edge of eye 

(Fig. 8); occiput sharply margined behind 

ocelli; scrobal grooves short, U-shaped, in- 

tersecting transverse frontal groove; ocelli 

present, arranged in equilateral triangle; an- 

tenna inserted high on head, distance to edge 

of vertex only about '2 distance to oral fossa; 
malar suture present, weakly delineated; 
clypeus visible, about as high as wide; man- 

dible 3-dentate. Pronotum short, visible 

dorsally only as a narrow strip behind the 
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Figs. 1-3. Callifrons maculata. 1, Female antenna 

head (Fig. 5); mesoscutum with notauli in- 

complete, visible only anteriorly, setae re- 

duced to a single small pair at posterolateral 

margin; axilla slightly advanced forward of 
scuto-scutellar suture; prepectus with pos- 

terior margin uninterrupted; scutellum with 

single pair of minute setae; propodeum 

without median or submedian carinae, area 

laterad of spiracles raised above the plane 

of the rest of the propodeum; petiolar fo- 

ramen large, rounded, nearly contiguous 

with hindcoxal foramen; hindcoxal fora- 

men large, ovoid: petiole reduced dorsally 

to a narrow strip, barely visible from above; 

ovipositor sheaths barely produced past tip 

of metasoma; forewing (Fig. 3) with sub- 
marginal vein slightly shorter than marginal 

vein; stigmal vein about equal in length to 

postmarginal vein. 

Discussion: This genus is defined by the 

large, flattened vertex which is nearly as long 

as wide and is on a plane parallel with the 

dorsal thorax, with the anterolateral edges 

produced forward of the eyes and the slight- 

ly raised ocellar triangle. As far as we are 
aware, this character is unique among en- 

tedonines. Piekna nitens Boucek (1988), 

from New Guinea, approaches this condi- 

tion, having a somewhat triangular head in 

side view, but the vertex is sloped and the 

2, Male antenna. 3, Female forewing. 

scrobal grooves are Y-shaped. In addition, 

the toruli are situated farther from the ver- 
tex in Piekna. Some species of Closterocer- 

us, Omphale, and rarely Chrysocharis, also 
have a somewhat triangular or trapezoidal 
head, but they also have the vertex sloping 

continuously and while the scrobal grooves 

are generally U-shaped, the frontal grooves 

are in the form of an inverted V. The an- 

tennae also resemble C/osterocerus, with the 

scape expanded and at least some of the 

funiculars expanded and flattened. How- 

ever, given the variability of antennal form, 

we hesitate to give this character much 

weight above the species level. 

In the revision of holarctic genera of En- 

tedoninae by Schauff (1991), this genus 

would key to couplet 6 based on the clypeus 

separated from the rest of the face by a su- 
ture. From couplet 6, it would probably key 

to Holcopelte, because the posterior medial 

margin of the vertex is somewhat sharply 

defined; however, the shorter petiole and 

apparent absence of notauli would conflict 

with the characters for Holcopelte. Like- 

wise, the characters of the taxa in couplet 7 

(Eugerium and Omphale) would also con- 
flict. If the clypeus character was misinter- 

preted because of the light color of that area 
of the face, then the genus would key to 
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Figs. 4-8. Scanning Electron Micrographs of female C. maculata. 4, Lateral view of body. 5, Dorsal view 

of body. 6, Female antenna. 7, Lateral view of head. 8, Dorsal view of head. 

Closterocerus. In addition to the characters 

of the head which define this new genus, 
Callifrons can be separated from Closteroc- 
erus by the sculpturing of the dorsal thorax 

(generally sculptured in Closterocerus, 

smooth in Callifrons) and the banding of 

the forewings (bands transverse in Closte- 
rocerus [C. tau Girault with both horizontal 

and lateral bands] and longitudinally along 

the wing in Callifrons). 

Plotting characters to the estimate of re- 

lationships presented by Schauff (1991), 

Callifrons is most closely related to Clos- 

terocerus or Omphale. These two genera 
Ss 

Té 

share a common ancestor at stem 18 (see 

Schauff 1991, pg. 89). The well-defined 

clypeus would indicate a closer relationship 

with Omphale, while the form of the female 

antenna would argue for closer relationship 

to Closterocerus. The form of the female 

antenna in C/osterocerus is variable and the 

flattening of the scape and anterior funic- 

ulars is reduced in some species. While the 

head is somewhat triangularly shaped in 

some species of Closterocerus as well, this 

too shows considerable variation. Likewise, 

while coloration of the forewings (usually in 

the form of transverse stripes) is present in 

several species of Closterocerus and is gen- 

erally not present in Omphale, this char- 
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acter is also highly variable. Long whorls of 
setae on the antenna of the male are found 

in some species of Omphale, but are not 
generally present in Closterocerus. Finally, 

the dark-brown body color (mixed with light 

colors) is generally more similar to the con- 

dition found in Omphale in which many 

species are yellow or brown, than to C/os- 

terocerus, species of which are almost al- 

ways metallic colored. Body color, however, 

is not generally reliable as a generic char- 

acter and we do not give it much weight. 

Overall, it would seem that the bulk of 

the characters argue for a relationship be- 

tween Closterocerus and Omphale + Eu- 

gerium, with closer affinity to Omphale. 

Etymology: Calli (meaning beauty or 

beautiful) and frons, referring to the oddly- 
shaped head of this species. Gender femi- 

nine. 

Callifrons maculata 
Schauff, Yoshimoto, and Hansson, 

New SPECIES 

(Figs. 1-8) 

Description: Female: Length: 0.8 to 1.2 

mm. Dark brown with metallic greenish re- 

flections, except the following: fourth fla- 

gellar segment (penultimate antennomere) 
white, vertex white between eye margin and 

ocellar triangle, frons with transverse white 

stripe above the toruli and second white 

stripe that begins between the toruli and 

descends along the eye margin to the genae, 

area around clypeus also white; mid and 

hindcoxae brown, hindfemur pale brown 

(slightly infuscated), rest of legs white to pale 
yellow. 

Head: antennae with scape flattened, only 

2.2 x as long as broad at broadest point (Figs. 
1, 6), flagellar segments 1 and 2 also flat- 
tened and slightly longer than broad, seg- 

ments 3—5 cylindrical and longer than wide, 
each successively smaller than previous seg- 

ment, sensilla basiconica erect, slightly an- 

gled (type 3, Hansson 1990); vertex imbri- 

cate (Fig. 8), slightly angled downward 
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between anterior prominences and anterior 

ocellus to frontal groove, with a single con- 

spicuous seta arising from ocellar triangle 

between lateral ocelli; face and frons smooth, 

area between toruli raised, mandible 
3-dentate. 

Mesosoma (Figs. 4, 5): pronotum weakly 

imbricate, mesoscutum smooth except 

weakly imbricate at anterior margin, with a 

single pair of minute setae posterolaterally; 

scutellum and axilla smooth, axilla reduced 

dorsally; propodeum smooth, about 2 length 

of scutellum, moderately arched medially, 
with single seta laterad of spiracle. 

Metasoma: twice as long as wide, smooth. 

Wings: forewing about 3 x as long as wide 

(Fig 3), longest marginal seta about '4 width 

of wing at widest point, ratio of submargin- 
al : marginal : postmarginal : stigmal 7.0: 

10.0:1.5:1.5, marginal vein with 6 long 

strong setae, ventrally with 8-11 smaller se- 

tae, membrane of wing with longitudinal 

infuscation, setae denser in infuscated area. 
Hindwing narrow, pointed apically, lightly 

infuscated over most of surface. 

Male: Mostly similar to the female ex- 
cept the following: length 0.6 to 0.9 mm. 
Body color generally a paler shade of brown 

than female. 

Head: antenna (Fig. 2) with all segments 

brown to pale brown, scape 3.5 x as long as 

wide, single anellus, 5 flagellar segments, all 

cylindrical and each with basal whorl of 

elongated setae (each seta about twice length 

ofa segment); vertex with only a small whit- 

ish area adjacent to eye margin, flattened 
area reduced, sloping area between eye mar- 

gins more pronounced and extending from 

near anterior eye margin on both sides, scro- 

bal grooves shorter, torulus removed less 

than one diameter from frontal groove: 

metasoma about 2.8 x as long as broad (42: 

15); hindwing broadest at tip of venation, 

10x as long as broad. 

Forewing: infuscation reduced in inten- 

sity, but pattern still similar to female, lon- 

gest marginal seta 0.8 x as long as width of 

wing. 
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Variation: Variation in body length is 

given above. Infuscated area on the fore- 

wing of males may be reduced to no more 

than a small spot under the stigmal vein and 

a second larger spot at the end of the mem- 

brane. The pattern on the female forewings 

is consistent in the series available for study. 
Types.—Holotype female: USA, MO, 

Wayne Co., Williamsville, VIII. 1987. J. T. 

Becker, MT [Malaise trap] (Deposited in 

CNCI, type no. 21744). Paratypes: 13 fe- 

males and 5 males all with same data as 

holotype; other specimens from same lo- 

cality but with different collection dates are: 

4 females July, 1987; 2 females 10-26 June, 
1987, 2 males October, 1987; 1 female, 1 

male: USA, FL., Dade Co., Everglades Na- 

tional Park Pineland Forest, Long Pine Key, 

31.VIII-9. XII, S. and J. Peck; 1 male: USA, 
FL., Alachua Co., Gainesville, AEI and 

Archer Road, 25.VII-18.VIII. 1987. BRC 
Hym. Team; | male: Mexico, Michoacan, 
10 Km. N. Neuva Italia, 12 July 1981, J. 

LaSalle; | female: Mexico, Chiapas, 30 Km. 
SW Ocozocoautla, 30 June, 1981, J. La- 

Salle. 1 female, Costa Rica, Guanacaste, 
Santa Rosa, N.P., Hacienda-1-0. 18 Octo- 

ber-8 November 1986, D. Janzen and I. 

Guald; 1 female Costa Rica, Guanacaste 

Province, Santa Rosa National Park, 26 

Oct.-16 Nov. 1985. Malaise trap. D. Jan- 

zen. Deposited in CNC with paratypes de- 
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posited in USNM, BMNH, and LUZM, and 

UCR. 

Distribution: Known from Missouri, 

Florida, Mexico, and Costa Rica. 

Hosts: Unknown. 

Discussion: This species is easily recog- 

nized by the patterning of the forewing, the 

oddly shaped head with anterior projec- 

tions, and the striped color pattern of the 

face and frons. 
Etymology: The species epithet refers to 

the darkened patterning of the forewing. 
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LIFE HISTORY AND DESCRIPTION OF IMMATURE STAGES OF 
PAROXYNA GENALIS (THOMSON) (DIPTERA: TEPHRITIDAE) ON 

NATIVE ASTERACEAE IN SOUTHERN CALIFORNIA 
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Abstract.—Paroxyna genalis (Thomson) is a multivoltine tephritid that develops in 

flower heads of a broad spectrum of Asteraceae in California. The egg, first through third- 

instar larvae, and puparium are described and figured for the first time. Distinctive mor- 

phological differences noted for these immature stages are in the sensilla comprising the 

lateral spiracular complexes of the meso- and metathorax and in the distribution and 

incidence of rugose pads on the anterior of the prothorax of the third instar larva. The 

larvae feed mainly on the ovules and soft achenes, but also may score the receptacle and 

imbibe sap at fresh wounds in these structures. Pupariation occurs in the larval feeding 

chamber among fragments of scored achenes. Premating and mating behaviors are de- 

scribed, including a characteristic, uplifted-wing movement newly designated as “‘lofting.”’ 

Mate-guarding behavior by males following copulation is reported, apparently the first 

example among Holarctic Tephritidae. The principal natural enemies of immature P. 

genalis were the solitary, primary, larval-pupal, endoparasitic, chalcidoid Hymenoptera, 

Eurytoma sp. (Eurytomidae) and Pteromalus sp. (Pteromalidae). 

Key Words: Insecta, Paroxyna genalis, nonfrugivorous Tephritidae, mating behavior, 

immature stages, Asteraceae, flower-head feeding 

Twenty-one species of Paroxyna are 

known from North America north of Mex- 

ico (Novak 1974, Foote et al. 1993), but 

only the life history and immature stages of 

P. albiceps (Loew), a common species in the 

northeastern United States, have been de- 

scribed in detail (Novak and Foote 1968). 

This paper describes the life history and im- 

mature stages of a second Nearctic species, 
P. genalis (Thomson), the most commonly 

encountered Paroxyna in California (Goe- 

den 1994) and an adopted natural enemy 

of the alien weed, tansy ragwort, Senecio 

jJacobaea L. (Frick 1964). 

MATERIALS AND METHODS 

Locating field populations of P. genalis 

reasonably accessible from Riverside al- 

lowed us to complete this study principally 

on Eriophyllum lanatum (Thomson) and 
Senecio mohavensis Gray, two of its many 

recently reported host plants (Goeden 1994). 

Field observations primarily were made on 

E. lanatum at a study site located in a gently 
sloping, dry clearing among conifers at 

2030-m elevation in the National Chil- 

dren’s Forest, San Bernardino National 

Forest (northern section), San Bernardino 

Co., during 1990-92. Flower heads con- 

taining eggs, larvae, and puparia were sam- 

pled at this and additional locations on this 

and other host-plant species reported below 

and elsewhere (Goeden 1994). Senecio mo- 

havensis was sampled weekly during Feb- 

ruary and March, 1993, at 260-m elevation 

in Box Canyon, Riverside Co., in the Col- 
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orado Desert. One-liter samples of flower 
heads were returned to the laboratory for 

dissection, photography, description, and 

measurement, or for bulk cagings in glass- 

topped sleeve cages in the insectary of the 

Department of Entomology, University of 

California, Riverside, at 27 + 1°C and a 

14-h photoperiod (Goeden 1985, 1989). All 

eggs, larvae, and 12 puparia dissected from 

these heads were preserved in 70% EtOH 

for scanning electron microscopy (SEM). All 

other puparia were placed in separate glass 

rearing vials stoppered with absorbant cot- 

ton and held in humidity chambers at room 

temperature for adult emergence. Speci- 

mens for SEM later were hydrated to dis- 

tilled water in a decreasing series of acidu- 

lated EtOH. They were osmicated for 24 h, 

dehydrated through an increasing series of 

acidulated EtOH, critically point dried, 
mounted on stubs, sputter-coated with a 

gold-palladium alloy, and studied with a 

JEOL JSM C-35 SEM in the Department 
of Nematology, University of California, 
Riverside. 

Most adults reared from isolated puparia, 
as well as overwintered adults swept from 

preblossom and early blossom E. /anatum, 
were individually caged in 850-ml, clear- 

plastic, screened-top cages with a cotton wick 

and basal water reservoir and provisioned 

with a strip of paper toweling impregnated 

with yeast hydrolyzate and sucrose. These 

cagings were used for longevity studies and 
Oviposition tests. Virgin male and female 
flies obtained from emergence vials, as well 

as field-collected adults, were paired in clear- 

plastic petri dishes provisioned with a flat- 

tened, water-moistened pad of absorbant 

cotton spotted with honey for direct obser- 

vations, videorecording, and _ still-photog- 

raphy of their general behavior, courtship, 

and copulation (Headrick and Goeden 

1991). Six pairs were held together for at 

least 14 d and observations were made as 

opportunity allowed throughout each day. 

Plant names used in this paper follow 

Munz and Keck (1959) and Munz (1968, 
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1974): names for flower-head parts follow 

Hickman (1993). Tephritid names and an- 

atomical terms follow Foote et al. (1993); 

nomenclature used to describe the imma- 

ture stages follows Headrick and Goeden 

(1990, 1991), Goeden and Headrick (1990, 
199 1a, b, 1992), and the telegraphic format 
of Goeden et al. (1993). Means + SE are 

used throughout this paper. Voucher spec- 

imens of reared adults of P. genalis and its 
parasitoids reside in the research collections 

of RDG; preserved specimens of larvae and 

puparia are stored in separate collections of 

immature Tephritidae maintained by DHH 

and JAT. 

RESULTS AND DISCUSSION 

Taxonomy 

Thomson (1869) first described P. genalis 

(as a Trypeta), and this variable species since 

has acquired several synonyms (Foote et al. 

1993). Foote and Blanc (1963) pictured the 

wing of P. genalis [also under the synonyms, 

americana Hering and corpulenta (Cres- 

son)], and Novak (1974) described and il- 

lustrated the wing, male genitalia, eyacula- 

tory apodeme, and aedeagus (also as 

americana and corpulenta). The immature 

stages have neither been described nor il- 

lustrated. 

Egg.—Egg body smooth, shiny, white, 

elongate-ellipsoidal; ovum covered by a 

smooth, membranous sheath (Fig. 1 A); an- 

terior end blunt bearing nipple-like, 0.016 

mm-long, 0.04 mm-wide pedicel (Fig. 1B); 
posterior end tapered. Seventeen eggs dis- 

sected from heads of E. /anatum averaged 

0.64 + 0.01 (range, 0.53-0.67) mm in length, 
0.19 + 0.003 (range, 0.17-0.21) mm in 

width (Figs. 1A, 6A); 23 eggs dissected from 
heads of S. mohavensis averaged 0.64 + 

0.01 (range, 0.56-0.72) mm in length, 0.19 

+ 0.002 (range, 0.17-0.21) mm in width 

(Fig. 6B). 

The eggs of P. albiceps described by No- 
vak and Foote (1968) are similar in ap- 

pearance, but most were longer and all were 

wider. The eggs also were similar in ap- 
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Fig. 1. Egg of P. genalis: (A) habitus, dissected from 

E. lanatum, anterior end at left; (B) detail of pedicel, 

showing aeropyles. 

pearance to those of 7rupanea bisetosa (Co- 

quillett) (Cavender and Goeden 1982), 7. 

conjuncta (Adams) (Goeden 1987), 7. 1m- 

perfecta (Coquillett) (Goeden 1988), T. cal- 

ifornica Malloch (Headrick and Goeden 

1991), and 7. nigricornis (Coquillett) (Knio 

and Goeden, unpublished data). Paroxyna 

genalis eggs were similar in width, but short- 

er in length than all species except 7. cali- 
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fornica. Differences occurred in size and 

shape of the pedicel and the number of aero- 

pyles. Tephritis baccharis (Coquillett) (Goe- 

den and Headrick 1991b) and 7. arizo- 

naensis Quisenberry (Goeden et al. 1993), 

also in the Tribe Tephritini (Foote et al. 

1993), differ dramatically in egg shape from 

P. genalis and the Trupanea spp. mentioned 

above. 

Third instar.—Third instar superficially 

smooth, elongate-ellipsoidal, tapering an- 

teriorly, truncated posteriorly; minute acan- 

thae laterally and along intersegmental lines 
(Fig. 2A); gnathocephalon conical, with few 

rugose pads; pads laterad of mouth lumen 

serrated ventrally (Fig. 2B-1); paired dorsal 

sensory organs dorsad of anterior sensory 

lobes each consisting of a single, dome- 

shaped papilla (Fig. 2C-1); anterior sensory 

lobes bear the lateral sensory organ (Fig. 2C- 

2), pit sensory organ (Fig. 3C-3), terminal 

sensory organ (Fig. 2C-4), and an additional 

sensillum dorsad of the lateral sensory or- 

gan (Fig. 2C-5); stomal sense organs lie ven- 

trad of anterior sensory lobes near mouth 

lumen (Fig. 2C-6); mouth hooks bidentate, 

teeth stout, bluntly conical (Fig. 2B-2); me- 

dian oral lobe laterally flattened, attached 

to labial lobe; anterior thoracic spiracles lo- 

cated dorsolaterally on posterior margin of 

prothorax which bears four or five papillae 

(Fig. 2D); lateral spiracular complex on the 

mesothorax and metathorax composed of 

an open lateral spiracle (Fig. 2E-1), two ver- 

ruciform sensilla (Fig. 2E-2), and a dorsal 

stelex sensillum (Fig. 2E-3); lateral spirac- 

ular complex on abdominal segments com- 

posed of an open lateral spiracle (Fig. 2F- 

1), three verruciform sensilla (Fig. 2F-2), 

+ 

Fig. 2. Third instar larva of P. genalis: (A) habitus, anterior to left; (B) gnathocephalon, left lateral view, 
> 4 

|—serrated rugose pads, 2—mouth hooks; (C) gnathocephalon, anterior view, |1—dorsal sensory organ, 2— 

lateral sensory organ, 3—pit sensory organ, 4—terminal sensory organ, 5—unnamed sensillum, 6—stomal sense 

organ; (D) anterior thoracic spiracle; (E) lateral spiracular complex, metathorax, 1—spiracle, 2—verruciform 

sensilla, 3—stelex sensillum; (F) lateral spiracular complex, first abdominal segment, | —spiracle, 2— verruciform 

sensilla, 3—campaniform sensillum; (G) caudal segment, 1—rima, 2—interspiracular process; (H) caudal seg- 

ment, compound sensillum, | —tuberculate, medusoid chemosensillum, 2—stelex sensillum. 
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and a larger, slightly raised, campaniform 

sensilla (Fig. 2F-3); caudal segment bears 

posterior spiracular plates (Fig. 2G); plates 

bear three elongate-oval rimae ca. 0.03 mm 

long (Fig. 2G-1), and four interspiracular 

processes with three to five branches each, 

the longest measuring 0.01 mm in length 

(Fig. 2G-2); stelex sensilla surround margin 

of caudal segment in four-dorsal, six-ven- 

tral arrangement; caudal segment addition- 
ally bears a pair of compound sensilla ven- 

trad of the spiracular plates consisting of a 

tuberculate, medusoid, chemosensillum 

resting in a shallow depression (Fig. 2H-1) 

and a stelex sensillum (Fig. 2H-2). 

The genus Paroxyna is closely related to 

Trupanea (Foote et al. 1993), but the third 

instar of P. genalis shows some differences 

from that of 7. californica (Headrick and 

Goeden 1991). The gnathocephalon bears 

fewer rugose pads, and the sensory lobes are 

smaller than those of T. californica. The 
anterior margin of the prothorax is smooth 

in P. genalis, lacking the band of rugose pads 

observed in 7. californica and other Tru- 

panea species examined by us (unpublished 

data). The ventrally serrated, rugose pads 

located near the mouth lumen in P. genalis 

are similar to those of 7. bisetosa and T. 

nigricornis (Knio and Goeden, unpublished 

data). The anterior thoracic spiracles are 

similar to those of 7. californica (Headrick 

and Goeden 1991). The lateral spiracular 

complex of the meso- and metathorax in P. 

genalis differs from the abdominal segments 
in that the dorsal-most sensillum is a stelex 
sensillum instead of a verruciform sensil- 

lum. No other tephritid species examined 

by us to date have a stelex sensillum asso- 

ciated with its lateral thoracic spiracle. The 

compound sensilla ventrad of the posterior 

spiracular plates in P. genalis are similar to 

those illustrated for Tephritis arizonaensis 

(Goeden et al. 1993), Trupanea bisetosa, and 

Trupanea nigricornis (Knio and Goeden, 

unpublished data). 

Second instar.—Second instar superfi- 
cially smooth, elongate, cylindrical; minute 
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acanthae circumscribing larva along the in- 

tersegmental lines (Fig. 3A); gnathocepha- 

lon conical, dorsally and laterally flattened, 
smooth, no rugose pads laterad of the mouth 

lumen; few petals dorsad of the mouth lu- 

men (Fig. 3B-1); paired dorsal sensory or- 

gans dome-shaped, dorsomedial to the an- 

terior sensory lobes (Fig. 3B-2, 3C-1): 
anterior sensory lobes flattened, small, bear- 
ing a lateral sensory organ (Fig. 3C-2), pit 

sensory organ (Fig. 3C-3), terminal sensory 

organ (Fig. 3C-4), and an additional sensil- 

lum dorsad of the lateral sensory organ (Fig. 

3C-5); stomal sense organs located ventrad 

of the anterior sensory lobes, near the lateral 

aspect of the mouth lumen (Fig. 3B-3); 

mouth hooks bidentate, teeth conical (Fig. 

3B-4); median oral lobe laterally flattened, 
rounded ventrally, attached to floor of 

mouth lumen (Fig. 3B-5); anterior thoracic 

spiracles with four, rounded papillae (Fig. 

3D); lateral spiracular complex on abdom- 
inal segments with three visible verruciform 

sensilla, however, the spiracle itself was ob- 

scured (Fig. 3E); caudal segment bears the 

spiracular plates; plates bear three oval ri- 

mae ca. 0.03 mm long (Fig. 3F-1) and four 

interspiracular processes, with three to five 

branches each, longest measuring 0.01 mm 

in length (Fig. 3F-2); stelex sensilla sur- 

round margin of caudal segment (Fig. 3F- 

3). 
The second instar larva differs from the 

third instar in size and in that it is more 

cylindrical. The gnathocephalon lacks the 

serrated rugose pads near the mouth lumen, 

and the dorsal margin of the mouth lumen 

contains few integumental petals. In the sec- 

ond instar, the anterior sensory lobes are 
smaller and not as distinct, and the median 

oral lobe is distinctly laterally flattened. The 

lateral spiracular complex typically is not 

visible in second instars and has not pre- 

viously been illustrated for any other te- 

phritid species. This may be due in part to 

substantial morphogenesis of the spiracular 

system between instars as noted by Head- 

rick and Goeden (1990) for Paracantha gen- 



VOLUME 96, NUMBER 4 617 

196. 8U 
: 

Fig. 3. Second instar larva of P. genalis: (A) habitus, anterior to left; (B) gnathocephalon, anterolateral view, 

1—integumental petals, 2—dorsal sensory organ, 3—stomal sensory organ, 4—mouth hooks, 5—median oral 

lobe; (C) gnathocephalon, anterior view, 1 —dorsal sensory organ, 2—lateral sensory organ, 3—pit sensory organ, 

4—terminal sensory organ, 5—unnamed sensillum; (D) anterior thoracic spiracle; (E) lateral spiracular complex. 

abdominal segment, verruciform sensilla; (F) caudal segment, |—rima, 2—interspiracular process, 3—stelex 

sensillum. 

tilis, and because all of our larval specimens First instar.—First instar cylindrical, ta- 

were dissected from plant samples and are pered anteriorly, rounded posteriorly: 

not as free of debris and lipid residues as_ gnathocephalon slightly conical, smooth, 
laboratory reared specimens. lacking petals or rugose pads (Fig. 4A): an- 
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Fig. 4. 

cephalon, left lateral view, 1—lateral sensory organ, 

2—terminal sensory organ, 3—mouth hooks, 4—me- 

dian oral lobe; (B) caudal segment, | —rima, 2—inter- 

spiracular process, 3—stelex sensillum. 

First instar larva of P. genalis: (A) gnatho- 

terior sensory lobes flattened, bearing a lat- 

eral sensory organ (Fig. 4A-1) and a ter- 

minal sensory organ (Fig. 4A-2); mouth 

hooks bidentate, teeth thinly tapered (Fig. 

4A-3); median oral lobe laterally flattened, 

rounded ventrally (Fig. 4A-4); anterior tho- 

racic spiracles absent; lateral spiracular 

complex not observed; caudal segment lack- 

ing minute acanthae; posterior spiracular 

plates each bear two, oval rimae (Fig. 4B- 

1) and four, interspiracular processes with 

broad, apically serrate branches, longest 

branch measuring 0.005 mm in length (Fig. 

4B-2); stelex sensillum seen ventrad of pos- 

terior spiracular plates (Fig. 4B-3). 

The first instar larva differs from third 

instar in its size and general habitus, being 
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more cylindrical. The sensilla of the anterior 

sensory lobes are small and indistinct with 

only the lateral and terminal sensory organs 

visible. Again, considerable morphogenesis 
takes place in sensory structures between 

subsequent instars in this and other species 

(Headrick and Goeden 1990). No lateral 

spiracles were observed, but they are pres- 

ent in first instars of Trupanea bisetosa and 

Trupanea nigricornis (Knio and Goeden, 

unpublished data); thus, further observa- 

tions need to be made for this and other 

tephritid species to substantiate the pres- 

ence of lateral spiracles in all three instars. 

Puparium.—Puparium light to dark 

brown, elongate-ellipsoidal, rounded at both 

ends, superficially smooth, with minute 

acanthae laterally and along intersegmental 

lines (Fig. SA); 87 puparia averaged 2.90 + 

0.03 (range, 2.00-3.53) mm in length, 1.30 

+ 0.02 (range, 0.86—1.56) mm in width; an- 

terior end bears invagination scar (Fig. 5B- 

1); raised anterior thoracic spiracles dor- 

solaterad of the invagination scar (Fig. 5B- 
2); posterior spiracular plates bear slightly 

raised, elongate-oval rimae, ca. 0.04 mm in 

length (Fig. SC-1), and four, interspiracular 

processes with three to six branches, the lon- 

gest measuring 0.02 mm in length (Fig. 5C- 

2); compound sensilla ventrad of the spi- 

racular plates were retained (Fig. 5D). 

Distribution and hosts 

Novak (1974) recorded the distribution 

of P. genalis as California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 

Utah, Washington and Wyoming, and Al- 

berta, British Columbia, and Saskatchewan 

in Canada. Its distribution in North Amer- 

ica north of Mexico was mapped by Foote 

et al. (1993), who noted that this species 

possibly extends into Mexico. 

Goeden (1994) analyzed the known host 

ranges of nine of the 19 species of Paroxyna 

from California and noted that P. genalis 
appears to be the sole generalist, 1.e. attack- 

ing more than one tribe of Asteraceae, 
among them. Paroxyna genalis is now 
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Fig. 5. 

known from 16 genera and 38 species in six 

tribes: Astereae, Chicorieae, Helenieae, He- 
liantheae, Inuleae, and Seconioneae. Frick 
(1964) reared this native tephritid from 

flower heads of tansy ragwort in California, 

an accidentally introduced, range weed na- 

tive to Europe and toxic to livestock, to 

which it had transferred, probably from one 

or more, native species of Senecio. This rep- 

resents one of the few, documented, suc- 

cessful host-plant transfers of a native, non- 

frugivorous tephritid to an alien Asteraceae 

(Goeden 1994). 

Biology 

Egg. —Eggs of P. genalis are inserted, ped- 

icel-last, singly or side-by-side in pairs, and 

up to half their lengths, into the closed co- 

Puparium of P. genalis: (A) habitus, anterior to left; (B) anterior end, 1 —invagination scar, 2—anterior 

thoracic spiracle; (C) caudal segment, posterior spiracular plate, | —rima, 2—interspiracular process; (D) caudal 

segment, compound sensillum. 

rolla or ovule of an immature floret in pre- 

blossom flower heads. Their long axes were 

oriented from between <30° to perpendic- 

ular with the long axis of a head (Fig. 6A). 

Thirty, infested, field-collected heads of Er- 

iophyllum lanatum contained from one to 

eight eggs or empty chorions and newly- 

eclosed first instars (suggesting oviposition 

by different females at different times in sin- 

gle heads), for an average of 4.0 + 0.4 eggs 

per head. Most eggs were isolated and in- 

serted into the florets around the periphery 

of a head, the ovipositor(s) having pierced 

the tightly overlapping phyllaries to reach 

them. 

In closed, immature flower heads of Se- 

necio mohavensis, the eggs also were inserted 

into corollas or ovules for up to two-thirds 
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Fig. 6. Life stages of P. genalis: (A) egg inserted laterally in flower head of Senecio mohavensis; (B) swollen, 
infested head of S. mohavensis; (C) tunneling in soft achenes by two young larvae in head of Eriophyllum 
/anatum, (D) third instar in head of E. /anatum,; (E) third instar in head of S. mohavensis: (F) puparium in head 
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their lengths as the ovipositor penetrated 

the phyllaries and damaged as many as five 

ovules in its passage. In one case, the aculeus 

of a female passed completely through two 

ovules with the egg deposited in a third. 
Twenty-five field-collected flower heads of 

S. mohavensis contained from one to three, 
and an average of 1.2 + 0.1 eggs per head. 

At room temperature, the eggs hatched in 

about 4 days. Oviposition caused the re- 

ceptacles of some heads to swell locally and 

the bracts to split apart over the oviposition 

wound, as a result of callous tissue formed 

around the egg (Fig. 6B). 

In contrast, according to Novak and Foote 

(1968), the eggs of P. albiceps are laid ped- 

icel-first, facing the receptacle near the cen- 
ters of heads of Aster spp., and the ovipos- 

itor does not pierce the phyllaries; however, 

some eggs of P. a/biceps similarly penetrate 

the disk florets; whereas, others are inserted 

between these florets. Accordingly, no tissue 

proliferation in response to oviposition by 

this tephritid was reported. Also, P. a/biceps 
laid from one to five eggs per head. 

Larva.—In E. /anatum, the newly hatched 
larva of P. genalis tunneled into the floral 

tube and down into the ovule, then this and 

the next instar bored cleanly through a suc- 

cession of ovules and soft achenes leaving 

a narrow open tunnel as the heads concur- 

rently opened, grew, and the achenes de- 

veloped (Fig. 6C). The third instar confined 

its feeding to, and nearly consumed, three 

to six full-size, soft achenes, and also usually 
scarified the receptacle (Fig. 6D). The cir- 

cular feeding scars in receptacles in heads 
of E. lanatum measured 1.02 + 0.05 (range, 

0.54-1.72)mm by 1.01 + 0.04 (range, 0.60- 

0.172) mm in cross-diameter by 0.47 + 0.05 
(range, 0.21-1.72) mm deep (n = 37). Re- 

ceptacle scarification was common, but not 
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universal, as 32 (80%) of 40 third instars 

scored the receptacles in a sample of 50 in- 

fested, postblossom heads. Third instars 

presumably fed on sap that collected in these 

feeding scars, like certain other, nongalli- 

colous, flower-head feeding Tephritidae, e.g. 

Headrick and Goeden (1990, 1991), Goe- 

den and Headrick (1992), Goeden et al. 

(1993, 1994). 
In S. mohavensis, first instars damaged 

an average of 3.0 + 0.7 (range, 1-8) ovules 

(n = 9), second instars destroyed a cumu- 

lative average of 5.3 + 0.5 (range, 1-11) 

ovules or soft achenes (n = 22), and heads 

with third instars (Fig. 6E) contained an av- 

erage total of 14.9 + 0.6 (range, 6-30) dam- 

aged ovules and soft achenes (n = 68). As 

119 heads contained an average of 20.8 + 

0.4 (range, 13-30) achenes, and 27 heads 

each with a single puparium contained 16.2 

+ 0.6 (range, 10-24) damaged achenes, seed 

destruction per head approximated 80%. 

The total number of achenes damaged by 

P. genalis larvae in heads of E. lanatum 

averaged 12.6 + 0.8 (range, 3-31) in 69 

heads infested by single larvae, 23.4 + 1.8 

(range, 12-35) in 14 heads each infested by 

two larvae, and 33.7 + 7.5 (range, 15-50) 

in four heads each infested by four larvae. 

A single head infested by five larvae con- 
tained 50 damaged achenes. As 87 infested 

heads contained an average total of 90 + 2 

(range, 45-138) achenes, for heads infested 

by one, two, or four larvae each, this rep- 

resented average seed destruction rates per 

head of about 14%, 26%, and 37%, respec- 

tively. Fifty (37%) of a subsample of 136 
heads, 30 (33%) of 90 heads, 30 (38%) of 
79 heads, and 30 (46%) of 65 heads of E. 

lanatum collected in subsequent years and 

at other locations also were infested by P. 

genalis, demonstrating again that this te- 

= 

of E. lanatum,; (G) mating pair; (H) pair at termination of mating; (I) flower head viewed from above while 

female ovipositing laterally in closed, young flower head of FE. lanatum. 
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phritid attacks only a portion of the flower 

heads and damages only a small part of the 

achenes produced by this host-plant species. 

Similarly, 20 (10%) of a subsample of 200 

heads of Crepis acuminata Nuttall were in- 

fested by P. genalis. These 200 heads con- 

tained an average of 9.3 + 0.6 (range, 5- 
15) achenes, 1.9 + 0.2 (range, 1-4) of which 

(20%) were damaged by larval feeding. Fur- 

thermoze, 30 (49%) of a subsample of 61 

heads of C. occidentalis Nuttall were in- 
fested, and these heads contained an aver- 

age of 10.5 + 0.3 (range, 8-14) achenes, 3.8 

+ 0.4 (range, 1-12) of which 36% were de- 

stroyed by one or two larvae per head. 

Novak and Foote (1968) reported that 

each larvae of P. albiceps destroyed three to 

six achenes as first and second instars. In- 

festation rates in Aster puniceous L. heads 

ranged from 7 to 79%, in heads of 4. prae- 

caltus Poiret from 6 to 42%, in A. /aevis L. 
from 20 to 30%, in A. novae-angeliae L. 

from 15 to 25%, and in A. pilosus Willde- 

now <5%. Similarly, from 5 to 80% of the 
achenes in these infested heads were dam- 
aged by P. albiceps. Frick (1964) reported 
that 4.4% of the heads of E. staechidifolium 
Lagasca y Segura and 3.3% of the heads of 

tansy ragwort from one location in northern 

California were infested by P. genalis lar- 
vae, each of which damaged an average of 

15.4 (range, 9-30) achenes. Seven and 5.7%, 

respectively, of tansy ragwort heads sam- 

pled during succeeding years contained P. 

genalis larvae that respectively destroyed 

averages of 1.5% of 1.3% of the achenes per 

head. Our data and Frick’s (1964) data on 

P. genalis agree with the finding of Novak 

and Foote (1968) that even the most heavily 

infested hosts of P. albiceps managed to ma- 

ture a “goodly number” of achenes. 

Puparium.—The third instars of P. gen- 

alis pupariated within their feeding cells 

usually excavated off-center in heads of E. 

lanatum and loosely surrounded by frag- 

ments of achenes (Fig. 6F). The caudal ends 

of most puparia were directed towards the 

base of the flower heads and commonly rest- 
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ed within a feeding cavity in the convex 

receptacles. Some puparia in these heads 

were buried nearly their full lengths in the 

receptacles; whereas, a few others were 

formed above the unscarred receptacles 

among the achene fragments, pappus hairs, 

and damaged corollas. Receptacles were 

scored in 43 of 100 infested heads of S. 
mohayensis containing fully-grown third in- 
stars and puparia. In Crepis acuminata, each 

puparium was located within an individual, 

full-size achene where the larva had largely 

confined its feeding. In C. occidentalis, each 

puparium also was enclosed within an in- 

dividual excavated achene, but early instars 

had fed on adjacent achenes. The recepta- 

cles were unscarred in infested flower heads 

of both Crepis spp., in which the third in- 

stars’ solid diet apparently was supple- 

mented by sap conducted through the ca- 

runcle to the surface of the feeding scar in 

the basal fragment of the excavated achene, 

as reported for Procecidochares flavipes Al\- 

drich by Goeden et al. (1994). 

Adult.— Wing displays.—Both sexes ex- 

hibited synchronous and asynchronous su- 

pination as described for Aciurina thoracica 

Curran (Headrick and Goeden 1993) and 

Tephritis arizonaensis (Goeden et al. 1993) 

and hamation as described for 7rupanea 

californica (Headrick and Goeden 1991). 

The most common wing display in P. gen- 

alis was “‘lofting”’ with abdominal flexures, 

described here for the first time. Lofting 

consisted of supinating the wings and rais- 

ing them above the body along a line closely 

parallel with the long axis of the body (Fig. 
7). A feature of wing lofting in P. genalis 

was the concomitant abdominal flexures. 

The abdominal flexures mirrored the same 

rate and degree of loft as the wings. The 
halteres also were simultaneously depressed 

when the wings and abdomen were raised. 

Both sexes exhibited spontaneous lofting at 

other individuals, or at moving objects, but 

lofting was always a part of male courtship 

displays. Single males exhibited an agitation 

display of synchronous wing supinations. 
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Fig. 7. Diagram of wing lofting by P. genalis. Solid 

arrows indicate movements of the wing blade. Open 

arrow indicates the movement of the abdomen during 
lofting. 

The wings were extended from a resting po- 

sition to 45° away from the midline of the 

body and held; then they were slightly su- 

pinated and vibrated synchronously 3-5 

times per s. Wing vibration was 5-10° in 

the plane of the blade while each wing was 

extended and returned rapidly without fur- 

ther rotation. After three to five extensions, 

the wings were relaxed to ca. 20° from the 

midline of the body and then extended again. 

Courtship.— Males displayed aggregation 

behaviors in proximity to females in the 
mornings in laboratory arenas. Their behav- 

lors included abdominal pleural distension 

and wing lofting (Fig. 8-1, 2). Five male- 

female courtship interactions were ob- 

served from their inception to successful 

copulation. Males initially approached fe- 

males in all five interactions; in three of 

these, males moved away from and re-ap- 

proached females from one to three times. 

A female moved away from and re-ap- 

proached a male twice in one of the five 

courtship interactions. When males ap- 

proached females for courtship, they con- 

tinued displaying wing lofting and abdom- 
inal pleural distension, and also front-leg 
waving and labellar wagging, a previously 

unreported behavior described here for the 

first time. Males extended their geniculate 
mouthparts while displaying to females at 
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Fig. 8. Diagram of male courtship display and la- 

bellar wagging by P. genalis. 1—Abdominal pleural 

distension, 2—wing lofting; open double-headed arrow 

indicates the motion of the labellum. 

2-50 mm distances. The labellum hung 
downward at ca. 90° from the rostrum (Fig. 

8). The entire mouthpart structure was 

moved from side-to-side through ca. 120° 

at arate of ca. 2 wags per s (Fig. 8). Episodes 

of front-leg waving and labellar wagging 

continued intermittently while males faced 

females, but ceased when a female turned 

away. Females did not extend their mouth- 

parts toward males in response. Courtship 

displays by males in laboratory arenas led 

to mounting attempts; however, in field ob- 

servations such courtship displays were not 

observed (see “Field observations,” below). 

Females responded to displaying males 

by staying (n = 4) or walking away (n = 7). 

Males attempted to mount females after 

courtship displays (n = 3), or males mount- 

ed females without prior displays (n = 3). 

This latter behavior was most commonly 

observed at the field study site (see below). 

A receptive female exhibited an acceptance 

display at a courting male by lowering her 

anterior end in a crouch (n = 3). The male 

then lowered his wings, deflated his pleura, 
and retracted his mouthparts as he mounted 



624 

the female from the front, then turned 180° 

and grasped her abdomen with his legs. 

Males were situated relatively forward on 

the female, with the head above the middle 
of the thorax of the female or just behind 

her head. The front legs of the male grasped 
the post pronotal lobes of the female, his 

middle legs wrapped around her abdomen 

near her thorax and his hind legs grasped 

the base of her oviscape. Males also mount- 

ed females without courtship displays and 

from any direction, and once mounted, they 

turned and grasped the female in a similar 

manner. Once a male mounted a female, he 

began copulatory induction behavior (CIB). 

Copulatory induction behavior. —CIB was 

observed in the laboratory at its inception, 
or shortly after it began, with an additional 

four pairs of flies, and during field obser- 
vations. Males used their middle and hind 

legs to simultaneously spread the wings of 

the female and to raise her abdomen and 

Ovipositor from ca. 45° to 90° above the rest 

of her abdomen; thus, the ovipositor pro- 

jected upward between the wings of the fe- 

male (Fig. 6G). After the female was mount- 

ed and the apex of her ovipositor was lifted 
to the epandrium, CIB began. Mounted fe- 

males remained passive or raised their front 

legs high above their heads in apparent at- 

tempts to grasp the head or front legs of the 

male (n = 3); however, the female’s front 

legs were unable to reach the male. During 

CIB, P. genalis males pressed their hind tib- 
iae and tarsi against the sides of the oviscape 

and rubbed asychronously dorsoventrally 

because of the 90° angle of the ovipositor 
relative to the abdomen. CIB was rapid, 5- 

6 strokes per s in short bursts of 2-3 s. Sus- 

tained CIB for 10-20 s occurred when fe- 
males were unreceptive and did not exsert 

their aculeus, or when they exserted their 

aculeus against the males during copulation 

(see below). Receptive females exserted their 

aculeus usually within 2 min after CIB was 

initiated (n = 9). Unreceptive females did 

not exsert their aculeus and one male con- 
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tinued CIB for up to an hour before dis- 

mounting. 

Copulation.— Mounted males continued 

with CIB after the aculeus was exserted and 

engaged by the male terminalia. When the 

aculeus was fully exserted, the body of the 

male was lifted away from the body of the 

female. In this position, the aedeagus was 

inserted into the gonopore and the aculeus 

slowly retracted. In the final copulatory po- 

sition, the ovipositor was bent upward to 

ca. 80° with respect to the substrate and the 

rest of the abdomen (Fig. 6G). The male 
pressed his hind legs against the sides of the 

raised ovipositor throughout copulation. 

The wings of the female were spread ca. 45° 

away from the midline of the body and the 

male’s wings were slightly parted. 

The following activities were observed 

during all copulations. Both sexes formed 

feeding droplets (see “Droplet formation” 

below) and groomed. Females oriented and 

displayed asynchronous supinations toward 
moving objects. If agitated, a female exerted 
pressure on her aculeus. The male respond- 

ed with CIB, or as observed on two occa- 

sions, by removing his fore tarsi from the 
female’s thorax and stroking the vertex of 

her head. The female responded to the male 

touching her head by raising her front legs 

in an apparent attempt to dislodge the male’s 

fore tarsi. The male then responded in turn 

by moving his fore tarsi to their normal 

copulatory position on the post pronotal lobe 

of her thorax. If agitated while in copula, a 

male displayed synchronous wing exten- 

sions with vibrations. This wing display 

continued until the stimulus was gone, then 

the male returned his wings to their resting 

position, overlapped atop his dorsum. 

Copulations averaged 4.0 + 0.10 h (range 

1-9.5, n = 19) and were observed during 

daylight hours. However, five copulations 

began at 19:00 h PST or later and two began 

at 10:30 h PST and continued without ar- 

tificial light after 24:00 h. Copulation ended 
with the male turning 180° and walking off 
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the dorsum of the female and pulling the 

aedeagus free as they moved apart (n = 5) 

(Fig. 6H). 

Courtship for P. albiceps (Novak and 

Foote 1968) involved individuals of op- 

posite sex facing each other at close range 

and raising their front legs to make “tarsal 

contact” with the other’s head and anten- 

nae. This behavior most likely approxi- 

mated the front-leg waving observed with 

males of P. genalis in the present study. No- 
vak and Foote (1968) also reported that 

males and females approached each other, 

moved away, and re-approached several 

times after tarsal contact, which was con- 

sistent with our laboratory observations. 

However, P. albiceps adults were only ob- 

served to exhibit asynchronous supination, 
not lofting (Novak and Foote 1968). This 

is a biologically significant deviation in mat- 
ing behavior from P. genalis and other spe- 

cies of Paroxyna (Headrick and Goeden, 

unpublished data). 

Reproductive behaviors were not ob- 

served in the laboratory for P. albiceps by 

Novak and Foote (1968). Paroxyna albiceps 

emerged throughout the summer from its 

Aster hosts and remained closely associated 

with its host plants after emergence. Adults 

were not observed mating until late sum- 

mer, after a rather extensive pre-mating/ 

Oviposition period (ca. 60 d) during which 

females remained reproductively immature 
(Novak and Foote 1968). 

Droplet formation.—Adults formed 

droplets during their other activities and this 

feeding behavior was commonly observed 

in the afternoons. Droplets were ca. 3 the 

size of the head and clear. The geniculate 

mouthparts did not pump until the droplet 

reached full size. Males constricted their ab- 

domens before and during droplet forma- 

tion. Both sexes produced and imbibed ca. 

two droplets per min while feeding. 

Field observations. — Distribution and 

abundance. — Plant crowns at the study site 

were measured along their maximum N/S 
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and E/W axes and ranged from 4 x 7 to 18 

x 27 cm (n= 16). Numbers of adults varied 
from 1 to 9 per plant and generally larger 

plants hosted more flies than smaller ones. 

Adults were active and perched on pre- 

blossom plants by 09:30 h. Both sexes rest- 

ed on leaves, peduncles and flower heads, 

and exhibited wing lofting and abdominal 

flexures as observed in laboratory arenas. 

Adults visually oriented to moving objects. 

Males moved frequently from plant to plant 

and were easily disturbed. Females moved 

less frequently than males among plants, but 

actively explored many flower heads on in- 

dividual plants for oviposition. 

Male-Female interactions.—The first 

mated pair was observed at 09:45 h ona 

leaf in the sun. Their copulatory position 

was the same as described from laboratory 

pairings, i.e. the female’s ovipositor was 

raised 45° to 90° relative to the rest of her 

abdomen and the male’s head was posi- 

tioned above the thorax of the female. The 

male of this pair displayed CIB during cop- 

ulation as described from laboratory pair- 

ings. 

Single males visually tracked individuals 

of both sexes and attempted to mount either 

males or females, jumping at them from up 

to ca. 5 cm. Male courtship displays were 

not observed in the field as had been re- 

corded in laboratory arenas. Instead, males 

tracked individuals as they moved about on 

one host plant and from one plant to an- 

other. Males also moved toward ovipositing 

females and jumped at them in attempting 

mounting. Only two successful mountings 

of females were observed. However, males 

successfully mounted other males more of- 
ten because males remained passive, and 

were not startled by nor jumped away from 

other males trying to mount them. A male 

that mounted another male positioned him- 

self as he would on a female. He used his 
middle legs to spread the mounted male’s 

wings and his hind legs to raise the mounted 

male’s abdomen. The top male then began 
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CIB, placing his epandrium at the apex of 

the mounted male’s abdomen, as the 

mounted male remained completely pas- 

sive. One such mounted male raised his front 
legs upward, attempted to grasp the head of 

the male, like some mounted females. All 

males mounted on other males dismounted 

within a few seconds of initiating CIB and 

moved away. Fighting between males was 

not exhibited, thus a male’s ability to dis- 

criminate between conspecific sexes was 

poor compared with other tephritid species 

observed in field studies (Headrick and 

Goeden 1990, unpublished data). 

After unsuccessful mounting attempts of 

females engaged in oviposition, males 

walked around the surface of a flower head 
in distinctive, repetitive “figure eight” 

movements. The purpose of this behavior 

was not discerned. 

When a male successfully jumped onto 

the dorsum ofa female, he immediately po- 

sitioned himself, held onto the female with 
his middle legs around her wing bases, and 

his front legs on her thorax, and began CIB 

as described above. In both field observa- 

tions of mating pairs, continued CIB re- 

sulted in the female voluntarily raising her 

ovipositor. In one instance, a male was un- 

able to move his hind legs behind and grasp 

the ovipositor and the female immediately 

lowered it; but he continued CIB and she 

again raised her ovipositor. The male 

pressed his epandrium against the apex again 

and she exserted her aculeus and intromis- 

sion was gained. 

In another field observation two males 

mounted a single female, but neither was in 

copula with her. They both rubbed her ab- 

domen and ovipositor with their hind legs 

as in CIB. They remained like this for 15 

min, the top male stepped offand flew away. 

The remaining male moved into a copula- 

tory position and continued CIB. The fe- 

male then raised her ovipositor and the male 

bent his abdomen downward while lifting 

the female’s abdomen upward with his hind 
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legs. He pressed his epandrium against her 

Oviscape apex and continued CIB. Intro- 

mission was not gained and the female low- 

ered her ovipositor. He raised her oviscape 

apex to his epandrium several more times 

and she finally exserted her aculeus. They 

remained in copula on their host plant for 

ca. 10 min, then flew out of sight. 

Oviposition.— Females displayed ovipo- 
sition behavior after 10:00 h. They typically 

displayed wing lofting while exploring for 

oviposition sites on the sides of pre-blossom 

flower heads. A female bent her abdomen 

and ovipositor downward perpendicular to 

the side of the flower head and began to 

probe, attempting to work the tip of her 

oviscape between the involucre bracts. Fe- 

males ceased wing lofting while probing. Fe- 

males probed the outer surfaces of flower 

heads briefly several times before exserting 

their aculeus into and through the bracts, 
depositing an egg centrally in the head as 

described above (Fig. 61). Ovipositional ep- 

isodes in the field lasted ca. 2 min. 

Mate-guarding.— Four pairs were ob- 

served in laboratory trials to end copulation 

with the male remaining on the female. To 

do so, a male raised his abdomen upward 

away from the female while he pushed the 

abdomen of the female downward with his 

hind legs, thus pulling the aedeagus free from 
the aculeus. Males remained on top of the 

females, and in two cases, initiated CIB after 

ca. 1 h followed by another copulation. 

Mate-guarding behavior among the Te- 

phritidae has only previously been reported 

for the rare and unusual Australian species, 
Phytalmia sp. nr. megalotis Gerstaecker 

(Moulds 1977). In one instance, a female P. 
genalis oviposited while the male remained 

on her dorsum. Previously inseminated, lone 

females also oviposited in field and labo- 

ratory studies. Mate-guarding has been sug- 

gested as one way a male may insure that 

his sperm will be used to fertilize a female’s 

eggs. Remaining with the female as she ovi- 

posits and copulating between oviposition 
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episodes is a classic example of mate-guard- 

ing (Parker 1978, Thornhill and Alcock 

1983). 

Mate-guarding in insects falls into one of 

two apparent categories which together 

comprise male competition for females 

(Thornhill and Alcock 1983): (1) male ad- 

aptation of attributes that make detection 

of an encountered female by the finder’s ri- 

vals less likely and (2) male adaptation of 

attributes that make it physically difficult 
for another male to take a female from her 

original discoverer. To prevent takeovers, 

male insects most commonly remain joined 

to the female using some part of their anat- 

omy (Thornhill and Alcock 1983). The lat- 

ter strategy appears to apply to P. genalis 
males, which, by riding females in the mat- 

ing posture, presumably restrict other males 

from copulating. Thornhill and Alcock 

(1983) defined the selective consequence of 

mate-guarding as time lost for acquiring ad- 

ditional females, and the 4 h that P. genalis 
males remained with females on average was 

a significant investment in time. Mate- 

guarding may have developed in this species 

as one strategy for males to insure some 
reproductive success if encounters with fe- 

males are infrequent due to low population 

numbers (Parker 1978, Thornhill and Al- 

cock 1983, Headrick and Goeden, unpub- 

lished data). This mating strategy can be 

coupled with observations of males at- 

tempting to mount any conspecific on the 

host plant irrespective of sex. If frequency 

of encounters is low, it may be adaptive to 

try to mount and copulate with anything 

closely resembling a conspecific female, and 

if successful, to remain then with the female 

until oviposition has occurred. Successful 

matings for a male may also increase with 
experience gained from frequent mounting 

episodes and CIB episodes. 

Seasonal history.—Paroxyna genalis is 

multivoltine in southern California, repro- 

ducing in the flower heads of a succession 

of species of Asteraceae nearly throughout 
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the year. No evidence of larval or pupal 

diapause was found until recently, even from 
samples of flower heads collected above the 

winter snow line in the mountains of south- 
ern California. Adults emerged from heads 

in late-summer and fall; larvae did not exit 

for pupariation in the soil or litter, as re- 

ported by Novak and Foote (1968) for P. 

albiceps. Frick (1964) similarly reported fall 

emergence of adults from flower heads in 

coastal, northern California, and speculated 

that P. genalis was nondiapausing and mul- 

tivoltine. However, recent samples of flower 

heads of Senecio hydrophilus Nuttall col- 

lected in northern California from a pasture 

at Little Walker Cowcamp along the Little 
Walker River at 2070 m and from Pimentel 

Meadows at 2210 m, Mono Co., Toiyabe 

Nat. Forest, on 18.vili.1993 have yielded 

many puparia of P. genalis formed outside 

of the heads on the floor of the rearing cages 

and only a few adults. This indicates that 

P. genalis may diapause and overwinter as 

puparia in the High Sierras and more north- 

erly latitudes in California and elsewhere in 

the U.S. and Canada. 

Natural enemies.—The principal natural 

enemies of immature P. genalis were the 
solitary, primary, larval-pupal, endopara- 

sitic, chalcidoid Hymenoptera, Eurytoma 

sp. (Eurytomidae) and Pteromalus sp. (Pter- 

omalidae). Also reared in limited numbers 

from bulk samples of flower heads contain- 
ing P. genalis and Trupanea spp. were the 

following Chalcidoidea known to be asso- 
ciated with other native florivorous Te- 

phritidae (however, their trophic relations, 

if any, with P. genalis were not confirmed 

by rearings from parasitized individuals): 

Chlorocytus sp. (Pteromalidae), Colotrech- 

nus sp. (Pteromalidae), Diglyphus sp. (Eu- 

lophidae), and Mesopolobus sp. (Pteromali- 

dae). 

Total parasitization by Eurytoma sp. and 

Pteromalus sp. of larvae and puparia dis- 

sected and reared from subsamples of ma- 

ture heads ranged from 16% (n = 43) in E. 
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lanatum, to 38% (n = 21) in C. acuminata, 

to 40% (n = 35) in C. occidentalis. 
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NEW GENERA, SPECIES, AND RECORDS OF NEW WORLD ALYSIINAE 
(HYMENOPTERA: BRACONIDAE) 
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Abstract.—Three Palaearctic genera of the Alysiinae (Apronopa Achterberg, Epimicta 

Foerster, and Laotris Nixon) are recorded from North America for the first time. New 

species which expand the definition of their respective genera are described in Aphaereta 

Foerster, Epimicta, Phaenocarpa Foerster, and Pneumosema Fischer. The placement of 

several New World species in Asobara Foerster, Aspilota Foerster, and Synelix Foerster 

is discussed. Sarops Nixon, 1942 is synonymized with Coelinius Nees, 1812 and Trisyn- 

aldis Fischer, 1958 is synonymized with Aphaereta Foerster, 1862. Two genera from South 

America and nine species from the New World are described as new: Epimicta griffithsi, 

Aphaereta confusa, Dapsildiastema, D. angusta, D. crassa, Phaenocarpa anomala, P. 

cratomorpha, P. sharkeyi, Pneumosema perditum, Vachterbergia, and V. grayi. Species 
groups are described for one assemblage in Aphaereta and two in Phaenocarpa. These 

species groups are described to facilitate resolution of problems regarding the monophyly 
of Aphaereta and Phaenocarpa. 

Key Words: 

Marsh et al. (1987) presented a key to the 

North American genera of Braconidae. A 

number of new genera have subsequently 

been discovered, and several nomenclatural 

changes have been made (e.g. Quicke and 

Sharkey 1989). An expanded version of this 

key, covering the entire New World and in- 

corporating these changes, is now being de- 

veloped. To facilitate preparation of the 

portion covering the subfamily Alysiinae, 

several new taxa and distribution records 
are reported here. 

The Alysiinae are presently divided into 

two tribes of roughly equal size (Shenefelt 
1974). The Dacnusini are well characterized 

as monophyletic by the loss of fore wing 
vein r-m. The Alysiini, however, are prob- 

ably paraphyletic since they are not cur- 

rently defined on the basis of apomorphic 

traits. The two tribes are therefore recog- 

Insecta, Diptera, parasitoid, Dacnusini 

nized here only for convenience, pending 

further study. For a general overview of the 
Dacnusini, see Griffiths (1964) and Riegel 

(1982), and for the New World Alysiini, see 

Wharton (1980). Shenefelt (1974) provides 

detailed synonymies, and Achterberg (1983, 
1988) includes useful updates. 

A third tribe, Exodontiellini, was trans- 

ferred to the Alysiinae by Quicke and Ach- 

terberg (1990). I retain the Exodontiellini in 

the Opiinae for reasons outlined in Wharton 

(1988). Additionally, the Alysiinae are char- 
acterized by having the mid-ventral suture 

on the mesothorax unusually broad and 

crenulate. The suture in exodontiellines, 
however, is as smooth and narrow as it is 

in oplines, gnamptodontines, and many 

other braconids. Some exodontiellines have 

a weak basal area on the second tergum, 

similar in size and position to that of 
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gnamptodontines. Although the facial fea- 

tures of gnamptodontines and exodontiel- 

lines are dissimilar, further investigation of 
the relationship between these two taxa is 

warranted. 

Measurements are as in Wharton (1977), 

with some modification as noted by Whar- 

ton (1986). Values for ratios are given to 

the nearest 0.05. Wing terminology has been 
changed in an attempt to conform with the 

increasingly more widely used Comstock- 

Needham system, as illustrated in Figs. 36, 
37. Museum acronyms used in the text are 

explained in the acknowledgments section. 

Tribe Dacnusini 

Genus Coelinius Nees von Esenbeck 

Coelinius Nees von Esenbeck, 1818: 301. 
Type species: Stephanus parvulus Nees, 

1812 (monobasic). 

Chaenon Curtis, 1829: 289; Haliday 1833: 

264; 1839: 20 (synonymy). Type species: 

Chaenon anceps Curtis, 1829 (onginal 

designation). 

Copisura Schioedte, 1837: 603; Dalla Torre 

1898: 20 (synonymy); Maréchal 1938: 
204-212 (redescription). Type species: 

Copisura rimator Schioedte, 1837 

(monobasic). 

Lepton Zetterstedt, 1838: 403; Dalla Torre 

1898: 20 (synonymy). Type species: Lep- 
ton attenuator Zetterstedt, 1838 (mono- 

basic). 

Polemochartus Schulz, 1911: 61; Griffiths 
1964: 857 (synonymy). Type species: Pol- 

emon liparae Giraud, 1863 (subsequent 

designation). 

Coelinidea Viereck, 1913: 555; Griffiths 
1964: 846, 857-858 (subgenus of Coelin- 

ius). Type species: Stephanus niger Nees, 

1812 (monobasic and original designa- 

tion). 

Eriocoelinius Viereck, 1913: 555; Grifhiths 

1964: 858 (synonymy with Coelinius and 

Coelinidea). Type species: Coelinius lon- 
gulus Ashmead, 1888 (monobasic and 

original designation). 
Sarops Nixon, 1942: 133; Griffiths 1964: 
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857 (as synonym of Synelix Foerster). 

Type species: Sarops rea Nixon, 1942 

(monobasic and original designation). 
New Synonym. 

The Coelinius group is defined here to 

include the nominate genera Coelinius Nees, 

Lepton Zetterstedt (= Coelinidea Viereck), 

Polemochartus Schulz, and Sarops Nixon. 

All are parasitoids of Chloropidae, have an 

additional mandibular tooth between tooth 
1 and 2 (Wharton and Austin 1991, Figs. 
11, 12), and have at least some degree of 

lateral compression in the female abdomen. 

Maet6 (1983b) lists and discusses additional 

character states. Laotris Nixon and Synelix 

Foerster also have an additional tooth var- 

iously developed between tooth | and 2, but 

do not attack chloropids, and have the ab- 

domen dorsal-ventrally depressed. Since 

they lack two of the putative synapomorphs 

defining the Coelinius group (compressed 

abdomen and chloropid hosts), they are ex- 

cluded from the Coelinius group at the pres- 

ent time. 

I follow Griffiths (1964) rather than Rie- 

gel (1982), Maetd (1983a, 1983b), and To- 

bias (1986) in treating Lepton and Pole- 

mochartus under Coelinius. Arguments for 

this arrangement were made by Griffiths 
(1964) and Wharton and Austin (1991), but 

do not preclude the eventual recognition of 

either of these once the Coel/inius group has 

been more thoroughly studied. Sarops, cor- 

rectly placed by Riegel (1982) and Maetd 

(1983a) in the Coelinius group, also appears 

to lack apomorphic traits relative to Coe- 

linius, and has been defined almost exclu- 

sively on the basis of its broad first tergum 
(Riegel 1982, Maet6 1983a). Using Laotris 

and Synelix as outgroups, the broad first 

tergum with dorsope is plesiomorphic and 

Sarops should therefore also be treated un- 

der Coelinius s. 1. The generic concepts are 

briefly reviewed below. 

The four described species of Polemo- 

chartus are clearly defined as a monophy- 

letic unit by the possession of spatulate tar- 
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Figs. 1-4. Epimicta griffithsi. 1, Frontal view of head, antennae removed. 2, Left mandible, arrow pointing 

to fourth tooth. 3, Left side of mesosoma, arrow pointing to metanotal flange. 4, Anterior portion of metasoma 

showing sculptured petiole and striate T2. Scale bars = 100 um. 

sal claws (Maet6 1983b, Figs. 26-28). 

Coelinius s. s., Polemochartus, and Sarops 
retain the plesiomorphic states of a more or 

less sinuate radial sector in the fore wing 

and a pit-like dorsope on the petiole, where- 

as in Lepton the pit is usually lost and the 

radial sector tends to be shorter and more 
evenly curved. The vast majority of the spe- 
cies with the Coe/ninius group fall within 

this concept of Lepton (= Coelinidea). Coe- 

linius parvulus (Nees), a senior synonym of 

C. anceps (Curtis), is the only species cur- 

rently included in Coelinius s. s. (Griffiths 

1964, Wharton and Austin 1991). It appears 

to lack uniquely derived character states rel- 

ative to Lepton and Polemochartus, making 
it dificult to retain the latter two as valid 
genera. The blade-like abdomen of parvu- 

lus, for example, is also found in Sarops rea 

Nixon and some species of Lepton, and the 

shorter, broader mandible (Wharton and 

Austin 1991, Figs. 11, 12) has been treated 

as a plesiomorphic feature relative to the 

condition in Lepton (Griffiths 1964). 

Examination of the large number of de- 

scribed and undescribed species of Coelin- 

jus s. 1. housed primarily in CNC, AEI and 
TAMU has clearly shown that there is a 

transition in character states involving the 

petiole (dorsope and shape), clypeus (degree 

of protrusion), radial sector (evenly curved 

to weakly sinuate), gaster (blade-like com- 

pression, sculpture, setae, and notches) and 

mandible (development of the 4th tooth) 

within the Coelinius group. This variation 
is the major factor preventing clear-cut seg- 
regation of Lepton and Sarops from Coelin- 

iUS S.S. 



VOLUME 96, NUMBER 4 

= 

: 

: 
e
e
e
 

—— 

633 

Figs. 5,6. Epimicta griffithsi. 5, Fore wing. 6, Hind wing. Scale bar = 0.48 mm. 

Genus Epimicta Foerster 

Epimicta Foerster, 1862: 274. Type species: 
Alysia (Dacnusa) marginalis Haliday 

(monobasic and original designation). 

As noted by Nixon (1943), Griffiths 

(1964), and Riegel (1982) Epimicta is close 

to Symphya. The combination of enlarged, 
4-toothed mandible (with the additional 4th 
tooth located along ventral margin of man- 

dible: Fig. 2, arrow), densely striate T2 (Fig. 
4), and flange-like median spine of the meta- 

notum (Fig. 3) support the hypothesis of a 

sister-group relationship between these two. 

Epimicta presently contains a single Pa- 

laearctic species. A second species, rossica 

Telenga, was transferred by Tobias (1986) 
to Synelix. The species described here, while 

distinctly different from E. marginalis, 
nonetheless fits Epimicta on the basis of the 

mandibular morphology, the well-devel- 

oped metanotal flange, and T2 sculpture. If 

the larger metanotal spine and more com- 

pletely carapace-like metasoma of Symphya 

are derived from the conditions in Epimic- 

ta, then it becomes difficult to retain the 

latter as monophyletic (Griffiths 1964). 

Epimicta is retained here pending more de- 

tailed assessment of the shape of mandib- 

ular tooth 3. 

Epimicta griffithsi Wharton, 
NEw SPECIES 

(Figs. 1-8) 

Description.—2 Head: 1.4-1.6 (m = 

1.55) wider than long, temples distinctly 

bulging behind eyes in dorsal view. Face 

(Fig. 1) finely punctate, weakly wrinkled, 
short, with eyes weakly converging below, 

1.5-1.7 (m = 1.6) wider than high. Frons 

(Fig. 1) usually (90%) with small rugose spot 

medially at base, otherwise smooth, pol- 

ished; bare medially, with a band of short, 

closely spaced setae along inner margin of 

eye. Mandible (Fig. 2) 0.95-1.15 (m= 1.1) x 

longer than width between tooth | and 3, 

distinctly expanded apically, with apical 
width about 1.35 x basal width; surface ru- 



Figs. 7-9. 

confusa. 7, Dorsal view of mesosoma. 8, Propodeum. 

9, Dorsal view of body, arrow pointing to striae on 

occiput. Scale bars = 100 um. 

7, 8: Epimicta griffithsi, 9: Aphaereta 

gose; tooth | rounded or quadrangular, de- 

pending on angle of view, with strong di- 

agonal ridge; tooth 3 large, orthogonal; tooth 

2 nearly an equilateral triangle, without dor- 

sal knob, more widely separated from tooth 

3 than tooth 1; diagonal ridge poorly de- 
veloped relative to ridge on tooth 1. Malar 

space absent. Eye 1.15-1.6 (m = 1.35)x 
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longer than temple; virtually bare, setae 

present (Fig. 2), but not visible in dorsal 

view at 50x. Antenna as long as body, 23- 
26 segmented; first flagellomere 1.05-1.15 

(m = 1.1) longer than second; flagellar se- 

tae short and decumbent throughout. Me- 

sosoma: |.3-1.4 (m = 1.35) higher than 

wide; 1.25-1.35 (m = 1.3)x longer than 

high. Pronotum (Figs. 3, 7) with large me- 
dian pit containing median longitudinal 

groove anteriorly; posterior margin with 

shallow, weakly crenulate, transverse 

grooves delineated anteriorly by low trans- 

verse ridges on either side of midpit. Meso- 

notum (Figs. 3, 7) rounded anteriorly, an- 

terior declivity steep, densely covered with 
decumbent setae; notauli (Fig. 7) deep, cren- 

ulate, continuous with crenulate anterior- 

lateral margin, but short, ending on disk far 

anteriad deep, slit-like, crenulate midpit; 

median and lateral mesonotal lobes covered 

with setae (Fig. 7), these decreasing slightly 

in density posterior-laterally. Prescutellar 
pit (Fig. 7) broad, bearing 3 longitudinal 

ridges; scutellum bare medially, densely se- 

tose and usually finely rugulose apically. 
Metanotum with elevated median carina 

(Fig. 3, arrow); weakly crenulate laterally. 

Propodeum (Fig. 8) rugose throughout. Pro- 

notum laterally (Fig. 3) unsculptured, pol- 

ished and bare medially; usually with an- 

terior and posterior margins crenulate. 

Mesopleuron polished and bare medially, 

crenulate along anterior margin, the sculp- 

ture sometimes extending onto anterior 
portion of subalar region, posterior margin 

smooth, lacking crenulae; sternaulus (Fig. 

3) complete, broader anteriorly, largely 

crenulate to crenulate-rugose, the sculpture 

often absent or nearly so ventrad speculum. 

Metapleuron (Fig. 3) rugose to crenulate- 

rugose around margin, with large, flat, near- 

ly smooth median plate. Wings (Figs. 5, 6): 

fore wing stigma narrow, parallel-sided for 
most of its length, tapering gradually into 

R1 over apical 0.2, 6-7 x longer than wide; 
r arising from basal 0.2; 2-RS evenly curved 
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towards anterior margin, very weakly sin- 

uate, ending on wing margin equidistant be- 

tween stigma and a line tangent to apex of 
wing; RS + Mb highly variable in length, 

but m-cu never interstitial; cell 2CU broad- 

ening distally, about 2 x longer than height 

at distal end. Hind wing with M + CU vari- 
able, 2.2-2.8 (m = 2.55) x longer than 1-M; 

RS and 2-M spectral; m-cu absent. Meta- 

soma (Fig. 4): petiole 1.1-1.3 (m = 1.2) x 

longer than apical width, wider at apex than 

at base; surface rugose; dorsal carinae short, 

converging to form an acute angle at level 

of spiracles, but not continuing posteriorly; 

dorsope deep. T2 densely and uniformly 

striate; T3 with scattered setae medially, 

otherwise polished, unsculptured; T4 and 

following with setae confined to posterior 

margin. Ovipositor very short, about 0.2 x 

length of mesosoma, very slender, needle- 

like, without apparent teeth at apex. Color: 

black; antenna and T2 dark brown; T3 and 

following, most of sterna, hind tibia and 

tarsi, and ovipositor sheath brown; pedicel 

and mandible dark yellow to yellow-brown, 
scape usually lighter; labrum, coxae, tro- 

chanters, femora, fore and middle tibia and 

most of tarsi yellow: palps pale yellow; wings 

hyaline. Body length: 1.9-2.4 mm. 
6: about as in female except for petiole, 

which is slightly longer (1.2-1.4= longer 

than apical width). 

Material examined.— Holotype ¢: USA, 
“TEXAS: Bosque Co. 3 mi. W. Laguna Park 

13 April 1984 R. Wharton, J. Woolley” 

(USNM). Paratypes: 5 2, 1 6, same date as 

holotype (CNC, TAMU); | 2, same data but 

J. B. Woolley, collector; 1 ¢, Texas, Brazos 
Co., College Station, March 13-18, 1982, 
R. Wharton, M. Hrncir, pan traps (TAMU); 

1 4, same locality, March 8-31, 1991, R. 

Wharton (TAMU). 

Diagnosis. — This is a smaller, less heavily 

sculptured species than the Palaearctic F. 

marginalis. The latter has the subalar region 
more extensively rugose, the posterior mar- 

gin of the mesopleuron crenulate, and the 
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notauli extending to or nearly to the pos- 

terior margin of the mesonotal disk. Ad- 

ditionally, the head is more transverse in 

marginalis, the pronope smaller, and fore 

wing vein 2-RS extends further towards the 

wing tip. 

Discussion.—This is the first record of 
Epimicta from the New World. The needle- 

like ovipositor suggests the possibility that 

this species oviposits in host eggs. A similar 

phenomenon has been well documented for 

the opiine braconid Fopius arisanus (Sonan) 

(van den Bosch and Haramoto 1951). The 

host of E. griffithsi, however, is unknown. 

The species is named for Graham C. D. 

Griffiths, for his many significant contri- 

butions to our knowledge of Palaearctic 

Dacnusini. 

Genus Laotris Nixon 

Laotris Nixon, 1943: 30. Type species: Alys- 

ia (Dacnusa) striatula Haliday (mono- 

basic and original designation). 

The genus Laotris contains two species 

from the Palaearctic region (Shenefelt 1974). 

It is represented in North America by at 
least two species. I have examined three 

specimens from Colorado (CNC, TAMU), 

one from British Columbia (CNC), and one 

from Yukon Territory (CNC). The Nearctic 

species have mandibles identical to that of 

the type species (Nixon 1943, Fig. 26), and 

all of the species have an additional tooth 

between tooth | and tooth 2 (Fig. 11). The 

abdomen is short, dorsal-ventrally de- 

pressed, and has T2 extensively striate. The 

North American specimens appear to rep- 

resent two different species, but are not de- 

scribed here pending collection of addition- 

al material. 

Laotris is very similar to Synelix, but re- 

tains 2cu-a in the fore wing and has a narrow 

mandible which lacks the additional tooth 

between tooth 2 and 3 (compare Figs. 10 

and 11). Laotris thus appears to lack apo- 

morphic features relative to Synelix, and 
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may eventually have to be treated as a syn- 

onym of the latter. 1am reluctant to propose 

this synonymy, however, since specimens 

have heretofore been rare, and thus the spe- 

cies have not received sufficiently detailed 

scrutiny. 

Genus Synelix Foerster 

Synelix Foerster, 1862: 276. Type species: 

Synelix agnata Foerster (monobasic and 

original designation). 

Wharton (in Marsh et al. 1987, Fig. 24) 

incorrectly used the name Ectilis for an Hol- 

arctic dacnusine represented in the New 

World by specimens from Alaska, Michi- 

gan, and across Canada from Yukon Ter- 

ritory to Labrador. These specimens are 

conspecific with semirugosa Haliday, and 

the correct combination for the New World 

species should be Synelix semirugosa since 

Ectilis is a junior subjective synonym of Sy- 
nelix (Griffiths 1964). I have examined the 
type material of Synelix agnata Foerster in 

Berlin and Alysia semirugosa Haliday in 

Dublin and confirm this synonymy. See 

above under Laotris for diagnostic features 

of Synelix. Griffiths (1964) also treated Sar- 

ops as a synonym of Synelix, thus leading 

him to describe the metasoma of Synelix as 

compressed. I consider the differences in the 

mandible and shape of the abdomen to be 

sufficiently distinct to retain Sarops separate 

from Synelix (see the excellent discussion 

by Maet6 (1983a) and the discussion of 
Coelinius above). Abdominal compression 

can be treated as a synapomorph for Sarops 

(= Coelinius) and the additional mandib- 

ular tooth as a potential apomorphic trait 

defining Synelix. 
l interpret semirugosa as a highly variable 

species. Observable differences in sculpture 

(pattern and degree), leg and stigma color 

and mandible width are considerable, but 

do not show consistent patterns from one 

specimen to the next, even within localities. 

Further study of longer series from single 

localities is warranted. 
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Tribe Alysiini 

Genus Aphaereta Foerster 

Aphaereta Foerster, 1862: 264. Type spe- 

cies: Alysia cephalotes Haliday (mono- 
basic and original designation). 

Trisynaldis Fischer, 1958: 13. Type species: 

Trisynaldis conflucta Fischer (monobasic 

and original designation). New Synonym. 

A complete generic synonymy can be 

found in Shenefelt (1974). Wharton (1977) 

revised the New World species, and dis- 

cussed character states useful for delineating 

species groups. Wharton (1980) also noted 

that Trisynaldis was closely related to 

Aphaereta, and might have to be treated as 

a synonym of the latter with further study. 
Several New World species of Aphaereta 

with a Trisynaldis wing vein pattern have 
recently been discovered, confirming the 

suspicion that this venation pattern is in- 

sufficient for recognizing Trisynaldis as a 
separate genus. A new species group is de- 

fined below to include these New World 

species, separate from the Old World 7. 

conflucta. The above synonymy was pro- 

posed by Munk (T. Munk, in litt.) based on 

his work with conflucta, and should be at- 

tributed to him. 

APHAERETA CONFUSA SPECIES GROUP 

Description.— Head: mandible (Fig. 12) 

parallel-sided or narrowing slightly from 

base to apex, with 3 well-developed teeth; 

tooth | and 3 similar in size and shape; 

tooth 2 separated by deep cleft from tooth 

1, distinctly protruding beyond tooth | and 

3, without dorsal node; diagonal ridge dis- 
tinct. Antenna (Fig. 13) with individual fla- 

gellomeres much longer than wide in both 

sexes; first flagellomere subequal to or lon- 

ger than second. Eye-antennal sulcus ab- 

sent. Clypeus (Fig. 14) of moderate size, 
weakly convex, never strongly protruding, 

hemispherical in outline. Epistomal sulcus 

narrow, shallow to moderately deep. Malar 

space not or only very weakly developed. 

Maxillary palp 6 segmented, labial palp 3 
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segmented. Mesosoma: pronotum dorsally 

with flat, median plate and subpronope-like 

pits dorsal-laterally. Mesonotum (Fig. 9) 
with anterior-lateral margin variable, from 
crenulate to unsculptured; anterior declivity 

delimited dorsally by transverse ridges ex- 

tending mesally from lateral margins. Pro- 

podeum usually with narrow areola poste- 

riorly, this rarely replaced by median ridge. 
Wings (Figs. 16, 17): fore wing stigma lin- 

ear, virtually indistinguishable from meta- 

carpus; cells 1M, 1R1, and 1 + 2RS con- 

fluent, veins RS + Ma and I-RSb absent; 
3-M extending at least half way to wing mar- 
gin, and often nearly reaching wing margin 

(Fig. 16); cell 2CU open, 2-1A and 2cu-a 

absent. Hind wing with m-cu, 1-1A, and 

1-CU absent. Known from Brasil, Colom- 

bia, Dominican Republic, Ecuador, and 

Mexico. 

Diagnosis.—This species group is char- 

acterized by the loss of fore wing veins RS 
+ Ma and 1-RSb, resulting in a single large 
cell representing the discal and first two sub- 

marginal cells. Members of this group re- 

semble the Palaearctic Trisynaldis conflucta 
Fischer in this regard, but the latter more 

closely resembles Aphaereta minuta Nees 

and other members of the Aphaereta pal- 

lipes group in the loss of the apical portion 

of hind wing vein M + CU & 1-M and in 

the relative proportions of the first two fla- 

gellomeres. Aphaereta confusa n. sp. and re- 

lated species have exceptionally long first 

flagellomeres, a character not shared by oth- 

er species of Aphaereta. In fact, the hypoth- 

esized reversal to the plesiomorphic state in 

this character makes it difficult to recognize 

these species as members of the Phaeno- 

carpa complex (Wharton 1980) to which 

Aphaereta belongs. Additionally, all males 
which I have examined have the maxilla 

distinctly inflated, almost balloon-like; and 

the petiole in nearly all species is longer and 
narrower than 1s typical for Aphaereta. Nev- 

ertheless, on the basis of a single, somewhat 

transitional specimen from Ecuador (CNC), 

in which the first flagellomere is slighter 
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10 11 
Figs. 10, 11. Mandibles. 10, Synelix semirugosa. 

11, Laotris sp. Arrows pointing to additional teeth be- 

tween tooth | and 2 and between tooth 3 and 4. 

shorter than the second and the petiole is 

broader, I place confusa and related species 

in Aphaereta. The shape of the long ovi- 

positor (with subapical dorsal node), the 

narrow propodeal areola, the fore wing with 

linear stigma and open cell 2CU, reduced 

hind wing venation, and general shape of 

head and mandibles help to confirm this 
placement. 

Aphaereta confusa Wharton, 

NEw SPECIES 

(Figs. 9, 12-17) 

Description.—é Head: moderately 
transverse in dorsal view, 1.4-1.5 (m = 

1.45) wider than long. Face (Fig. 14) 

smooth, polished, 1.05-1.2 (m = 1.1)x 

wider than high. Frons smooth, polished, 
essentially bare. Occiput (Fig. 9) with stri- 

gose patch on either side of midline. Man- 

dible (Fig. 12) about 2.0-2.5 x longer than 

apical width; slightly widened at base: 

smooth; tooth | larger than tooth 3. Eye 

variable, 1.9-2.7 (m = 2.4)x longer than 

temple; with 2-5 short setae usually visible 

in dorsal view. Antenna (Fig. 13) roughly 

1.75 x body length; 16 segmented; first fla- 
gellomere 1.05-1.15 (m= 1.1) x longer than 

second; 1.15-1.25 (m = 1.2)x longer than 

third. Maxillary palp slightly longer than 

height of head; maxilla enormously swollen 

(Fig. 14). Mesosoma: about 1.4 x higher than 

wide; 1.3-1.4 longer than high. Mesono- 

tum (Fig. 9) with anterior-lateral margin un- 

sculptured to weakly crenulate in larger 

specimens; anterior declivity steep, reflect- 
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Figs. 12-15. Aphaereta confusa. 12, Left mandible; scale bar = 20 um. 13, Right antenna, medial view; scale 

bar = 100 um. 14, Face showing enlarged maxilla (arrow); scale bar = 100 um. 15, Mesosoma, left side, showing 

median propodeal spine (arrow); scale bar = 100 um. 

ed such that dorsal margin usually protrudes 
anteriorly more than ventral margin; disk 
bare, without midpit, with a few scattered 

setae along lateral margin and along trans- 

verse ridge delimiting anterior declivity. 

Prescutellar pit broad (Fig. 9), with single 

median carina. Metanotum medially (Fig. 

9) dominated by flat, polished, largely tr- 

angular boss. Propodeum with narrow are- 

ola on posterior half, varying in shape from 

triangular to rectangular (as in Fig. 9); me- 
dian longitudinal carina present on anterior 
half, forming a low but distinct spine (Fig. 

15) at junction with areola; transverse ca- 
rina complete. Posterior margin of meso- 

pleuron unsculptured; sternaulus (Fig. 15) 

very short, crenulate. Metapleuron (Fig. 15) 

almost entirely unsculptured. Wings (Fig. 

16, 17): combined fore wing vein r & 2-RSa 
varying from strongly to weakly curved, 

variable in length, but less than twice length 
of 1-M; M + CU unpigmented except at 

extreme distal end. Hind wing M + CU & 
1-M nearly half length of remainder of wing. 

Metasoma: petiole (Fig. 9) 1.9-2.2 (m = 

2.0) longer than apical width; nearly par- 

allel-sided, apex about |.1—1.3 x wider than 

base; surface rugose, largely obscuring dor- 

sal carinae, which are generally discernible 
only on basal half; dorsope small, deep, vis- 

ible in posterior view. Color; brown, clyp- 

eus, T2 + 3, and most of antenna usually 

light brown; basal 2-3 flagellomeres, at least 
ventrally, yellowish, gradually darkening 

distally; scape, pedicel, mandible, and legs 

(including all coxae) yellow: palps white. 

Body length: 1.3-1.6 mm. 
9: similar to male but without enlarged 

maxilla. Antenna slightly shorter relative to 

body due to shorter basal flagellomeres. 
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Figs. 16, 17. 

Ovipositor with dorsal, subapical notch and 

elongate node; ovipositor sheath about as 

long as mesosoma, slightly expanded dis- 
tally, with setae on distal 0.25 about twice 

density of that on basal 0.75. 

Biology: unknown. 
Material examined.—Holotype  ¢: 

“MEXICO: Puebla 4.7 mi SW La Cumbre 

VII-23-1987 5100 ft R. Wharton” (USNM). 
Paratypes: | 2, 5 6, same data as holotype 

(TAMU, CNC, RMNH); | 4, same except 

collected by Woolley and Zolnerowich 

(TAMU). 
Diagnosis.— This species is characterized 

by the shape (Fig. 9) and rugose sculpture 

of the petiole, the sculptured occiput, and 

the dark body. The six undescribed species 

I have seen from Brasil, Colombia, Domin- 

ican Republic, and Ecuador (CNC, TAMU) 

all have a smooth, polished occiput. Ad- 
ditional undescribed species from Mexico, 

nearly all of which have a sculptured occi- 

put, differ from confusa primarily by their 

reduced petiolar sculpture and longer, more 

distinct dorsal carinae. 

Aphaereta confusa. 16, Fore wing; scale bar = 0.48 mm. 17, Hind wing; scale bar = 0.3 mm. 

Discussion.—I have defined the confusa 
species group broadly to include species with 

a Trisynaldis-like venation pattern and rel- 
atively long first flagellomere (as opposed to 

T. conflucta, defined by the loss of the apical 

portion of hind wing M + CU & 1-M). It 

may be possible to split the New World spe- 

cies further into those which have a sculp- 

tured occiput (typical of confusa) and those 
which do not. The latter may be defined as 

monophyletic on the basis of their white 

apical or subapical flagellomeres. Males with 

swollen maxillae are presently known only 

from Mexico. This character state is found 

only in those species which have a sculp- 

tured occiput, and could possibly be con- 

fined to these species. Available material 

from other countries, however, is repre- 

sented only by females. I have used a male 
as holotype because of the importance of 
the maxillary character. 

The species name refers to the long first 

flagellomere and pattern of wing loss which 

obscure the association with other species 

of Aphaereta. 
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Genus Apronopa Achterberg 

Apronopa Achterberg, 1980: 75. Type spe- 

cies: Apronopa haeselbarthi Achterberg 

(monobasic and original designation). 

Apronopa was described by Achterberg 
(1980) for a single species from Germany, 

characterized by Aspilota-like wing vena- 

tion and a striate second metasomal tergum. 

Apronopaalso occurs in the Nearctic Region 

and is recorded here for the first time. I have 

seen several specimens of an undescribed 

species from Colorado (CNC, TAMU). The 

new species will be described by T. Munk 

(T. Munk, pers. comm.). Apronopa could be 

included in the Aspilota complex of genera 

(Achterberg 1988) on the basis of the strong- 

ly postfurcal fore wing m-cu and the reduced 

mandibles. However, it differs from other 

members of this complex by the presence 

of sculpture on T2. The Nearctic Sym- 
phanes myxa Wharton is very similar in 
overall appearance, but retains an enlarged 

fore wing stigma. If further study shows 

myxa to be the sister-group of Apronopa, 

then the venation pattern in Apronopa must 

be interpreted as convergent with that in 

Aspilota. 

Genus Asobara Foerster 

Asobara Foerster, 1862: 267. Type species: 

Alysia tabida Nees von Esenbeck (mono- 

basic and original designation). 

Asobara consists primarily of small dro- 
sophilid parasitoids (Vet et al. 1984). The 

genus is particularly diverse in the Old 

World tropics, where most of the species 

are undescribed. A group of Neotropical 

species, exemplified by Asobara anastre- 

phae (Muesebeck) and 4. rubra (Papp), has 

diversified onto larger hosts, primarily te- 

phritids, and this host switch has been ac- 

companied by some morphological changes. 

These species are larger, more brightly col- 

ored, and have lost the hind wing vein 1-CU 

(Muesebeck 1958, Wharton 1980). Whar- 

ton (1980) suggested that their placement in 

Asobara may be misleading, but analysis of 
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much additional material from more recent 

collections (notably those housed in AEI and 

TAMU) does not support this suggestion. 

Some of the smaller Neotropical Asobara 

species have also lost the hind wing 1-CU, 

and the otherwise identical pattern of wing 
venation suggests that these larger species 

are derived from the smaller drosophilid 

parasitoids rather than from a different group 

within Phaenocarpa Foerster s. 1. (see dis- 

cussion of Phaenocarpa below). This would 

simply involve a host switch within the same 

microhabitat (fruit), and possibly a slight 

temporal displacement since tephritid hosts 

completing their development often exit the 

fruit around the time it is suitably decom- 

posed for drosophilid development. 

Genus Aspilota Foerster 

Aspilota Foerster, 1862: 268. Type species: 

Alysia ruficornis Nees von Esenbeck 

(monobasic and original designation). 

An excellent discussion of this group has 

been provided by Achterberg (1988), who 

divides the Aspi/ota complex into two large 
genera, Aspilota and Dinotrema Foerster, 

and several smaller ones. An alternative 

viewpoint is provided by Wharton (1985), 

who points to the difficulty of defining Din- 

otrema as monophyletic. Complete synon- 

ymies are provided by Achterberg (1988). 

Several species with Prosapha-like wing 

venation, not previously described from the 

New World, are recorded here for the first 
time. Fischer (1971) and Wharton (1980) 

noted the relationship between Prosapha 

Foerster and Aspilota s. 1., and Achterberg 

(1988) correctly placed Prosapha within the 

Aspilota group as a synonym of Dinotrema. 

Prosapha had previously been maintained 
as a separate genus due to overemphasis on 

the enlarged stigma of the male of the only 

included species, Aspilota speculum (Hali- 
day). An enlarged stigma is now known for 
males of several other members of the 4s- 

pilota group. The type species of Prosapha 

is characterized by a relatively wide man- 
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dible, areolate propodeum, and relatively 

large anterior tentorial pit (Achterberg 1988). 
Two similar species occur in the New World: 

one in Texas and one in Mexico (TAMU). 

Two additional species with a secondarily 

enlarged fore wing stigma, but belonging to 
different species groups (with only a median 

longitudinal carina on the propodeum) are 

known from Brasil (CNC) and Mexico 

(TAMU). Since none of these species is rep- 

resented by both sexes or by more than two 

specimens, they are not described here. 

Dapsildiastema Wharton, NEw GENUS 

Type species: Dapsildiastema angusta, 
new species. 

Description.—Head: mandible with 3 
well-developed teeth; tooth 2 separated by 

distinct cleft from tooth 1; diagonal ridge 

present or absent; ventral margin of man- 

dible carinate. Antenna (Fig. 21) with first 

flagellomere longer than second. Clypeus 

(Fig. 18) large, convex, broadly elliptical in 

outline. Epistomal sulcus narrow, moder- 

ately deep. Malar space not developed. 

Maxillary palp 6 segmented; labial palp 4 

segmented. Mesosoma: pronotum dorsally 

with or without median pit. Mesonotum 

(Fig. 25) with anterior-lateral margin vari- 

able, from crenulate to unsculptured; an- 

terior declivity delimited dorsally by trans- 

verse ridges extending mesally from lateral 
margins. Scutellum weakly convex, without 

posterior spine. Metanotum without tall 

flange or spine. Propodeal sculpture vari- 

able. Sternaulus shallowly to deeply im- 

pressed, smooth or very weakly sculptured. 

Wings: fore wing with radial cross-vein (r) 

arising basad discrete stigma; stigma vary- 
ing from long and narrow to secondarily 
thickened; 2-RSa longer than 1-RSb; m-cu 

variable in insertion between first and sec- 

ond submarginal cell; cell 2CU broadly 

opened posterior-distally; 2cu-a weak to 

nearly absent, 2-CUa well developed and 

more or less posteriorly directed, 2-CUb thus 

arising from middle of distal margin of cell 
2CU. Hind wing with m-cu absent; M + 
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CU not unusually short; 3 hamuli. Meta- 

soma: not laterally compressed; petiole with 

deep dorsope; tergum 2 usually striate, at 
least at extreme base. Ovipositor very short, 
barely exserted. Known only from Chile and 

an adjacent, Andean region of Argentina. 

Diagnosis.—Members of this genus are 
characterized by the large, broadly elliptical 

clypeus, elongate and sometimes second- 

arily thickened fore wing stigma, open sub- 

discal cell, and absence of hind wing vein 

m-cu. The type species is most similar in 

overall appearance to the species of Trachy- 

usa, but this and other species of Dapsil- 

diastema also share some traits in common 

with Dapsilarthra. For example, the ovi- 

positor is barely exserted, and the hind wing 

m-cu has been lost in all three genera. The 

appearance of the open subdiscal cell of 

Dapsildiastema, however, more closely re- 
sembles the condition in Trachyusa than 

that in Dapsilarthra. The shape of the clyp- 

eus and petiole in Dapsildiastema is also 

quite similar to that in Trachyusa, and these 

two character states are potential synapo- 
morphies for the two genera. In Dapsilar- 

thra, the petiole is rarely parallel-sided and 

densely striate, and the clypeus, when not 

short and protruding, usually has a concave 

ventral margin. The anterior declivity of the 

mesonotum is also similarly carinately mar- 

gined in Trachyusa and Dapsildiastema. The 
metasoma is much more extensively sculp- 

tured in Trachyusa, however, and the sculp- 

ture is granular. Additionally, the sternaulus 

and notauli are better developed in Trachy- 

usa and the second submarginal cell and 

fore wing stigma retain a more plesiomor- 

phic shape. 

Discussion.—The_ relationships of 

Trachyusa to other Alysiini has been diff- 

cult to discern (Wharton 1980). (See Ach- 

terberg and O’Connor (1990) for latest re- 
vision of the species.) The admittedly 

heterogeneous assemblage treated here un- 

der Dapsildiastema appears to bridge the 

gap somewhat between Trachyusa and oth- 

er Alysiini (most specifically Dapsilarthra). 
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Figs. 18-21. 

20, Lateral view of head; scale bar = 100 um. 21, Scape, pedicel, and basal flagellomeres; scale bar = 100 um. 

Dapsildiastema angusta is very Trachyusa- 

like in shape and mesosomal sculpture. 

Other species of Dapsildiastema, however, 

are much less so. Mandibles, pronotum, 

propodeum and T2 sculpture are unusually 

variable in Dapsildiastema, and this vari- 

ation could be used to justify the establish- 

ment of several additional genera. I prefer 

to retain these seemingly disparate species 

in a single genus however, to better reflect 

the hypothesis of a transitional group hav- 

ing affinities with both Trachyusa and Dap- 

silarthra. | use the shape of the clypeus and 

loss of certain wing veins as synapomorphs 

to define this taxon. An alternative hypoth- 

esis is that these represent an aberrant group 

of Dapsilarthra with one highly derived spe- 

cies (D. angusta n. sp.) whose resemblance 

to Trachyusa is due entirely to convergence. 

Dapsildiastema angusta. 18, Face; scale bar = 100 um. 19, Right mandible; scale bar = 50 um. 

There is little in the way of distributional 

data to support the hypothesis of a rela- 

tionship with either Trachyusa or Dapsi- 

larthra. Trachyusa is confined to the Pa- 

laearctic Region, and although I have seen 

one member of the Dapsilarthra balteata 

group from Costa Rica, neither Trachyusa 

nor Dapsilarthra is recorded from either 

South America or the Australia-New Zea- 

land region. The name Dapsildiastema is 

feminine and means “ample interval,” in 

reference to its separation from both Trach- 

yusa and Dapsilarthra. 

Dapsildiastema angusta Wharton, 

New SPECIES 

(Figs. 18-27) 

Description.—? Head: subcubical in 

dorsal view, 1.25-1.3 (m = 1.25)x wider 
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Figs. 22, 23. Dapsildiastema angusta. 22, Fore wing, 23, Hind wing. Scale bar = 0.48 mm. 

than long. Face (Fig. 18) largely smooth and 

polished, with low, complete median ridge, 

often with weak, matt sculpture ventrally 

and/or alongside median ridge; 1.1-1.2 x 

wider than high. Frons smooth, polished, 

bare. Mandible (Fig. 19) about 1.6-2.0 (m 

= 1.7) longer than width between tooth | 

and 3; distinctly narrowed from base to apex, 
tooth 3 extending distad of tooth 1, both 
teeth small, acute; tooth 2 with well-devel- 

oped dorsal knob; diagonal ridge well-de- 

veloped from base to apex. Eye about equal 

in length to temple (Fig. 20); eyes distinctly 

converging ventrally, lacking obvious setae. 

Antenna (Fig. 21) 27-30 segmented; first 

flagellomere very long, 1.6-2.0 (m = 1.8) x 

longer than second. Maxillary palp slightly 

longer than height of head. Wesosoma: 1.5- 

1.6 x higher than wide; 1.4—-1.5 x longer than 

high. Pronotum dorsally (Fig. 25) moder- 

ately large, more than half length of second 

flagellomere; granular, without median pit 
with short, widely spaced longitudinal ridg- 

es along posterior margin. Mesonotal disk 

polished, covered medially with weakly 

curved, white setae (Fig. 25), largely bare 
laterally; anterior declivity steep, abrupt 

(Fig. 24); notauli absent, replaced by trans- 

verse ridges at margin of anterior declivity; 

midpit long, narrow. Prescutellar pit with 

single median ridge which 1s better devel- 

oped posteriorly. Metanotum with pol- 

ished, triangular, posterior-median plate 

extending to anterior margin as low ridge; 

lateral fields finely sculptured to weakly 

crenulate. Propodeum (Fig. 26) extensively 

granular-rugulose: spiracle minute, placed 

slightly anteriad middle of propodeum. 

Pronotum laterally with middle of anterior 

margin strongly produced as an acute tooth 

(Fig. 24); granular-rugulose anteriorly, me- 

dian dorsal-ventral groove weak, often at 

least partly crenulate; surface largely smooth 

and polished posteriorly. Mesopleuron (Fig. 

24) with posterior margin finely crenulate; 

sternaulus distinctly but somewhat irregu- 

larly impressed along its length, the depres- 

sion often sharply margined in part, and 

rarely with trace of fine sculpture. Meta- 
pleuron with deep trough along ventral half 

of anterior margin; ventral flange distinct; 
surface moderately setose (Fig. 24), densely 

granular-rugose ventrally. Wings (Figs. 22, 
23): fore wing stigma long, narrow, but dis- 

crete distally, 8.0-9.3 (m = 8.5) longer 

than wide; r arising from basal 0.35-0.40; 
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Figs. 24-27. 

scale bar = 500 um. 25, Dorsal view of mesonotum (pronotum broken); scale bar = 100 um. 26, Dorsal view 

of propodeum (on the left) and petiole; scale bar = 100 um. 27, Ovipositor and ovipositor sheaths; scale bar = 

50 um. 

2-RSa |.1-1.2 x longer than 1-RSb, r about 

0.4 length of 2-RSa; 2-RSb weakly curved, 
extending to wing tip; RS + Ma strongly 

sinuate; m-cu distinctly antefurcal; M + CU 

very weakly pigmented, largely spectral ba- 

sally; |cu-a postfurcal by less than its length; 

2-1A absent distally, weakly pigmented and 

nebulous at extreme base; 2cu-a absent. 

Hind wing with M + CU 1.1-1.2x longer 

than 1-M. Metasoma: petiole (Fig. 26) about 
twice longer than wide, nearly parallel-sid- 

ed, heavily and uniformly striate with com- 
plete basal transverse carina; dorsope small, 

deep; T2 with striae at extreme base. Ovi- 
positor (Fig. 27) tapered from base to apex, 

with minute dorsal node. Color: brown to 

dark brown; mesonotal disk and usually 

most of rest of mesonotum yellow; prono- 

tum dorsally, propleuron, mesopleuron 

ventrally, clypeus, mandible, scape, pedicel, 

median portion of metasoma dorsally, legs 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Dapsildiastema angusta. 24, Left side of mesosoma and metasoma, including ovipositor (arrow); 

except Sth tarsal segment and apex of hind 

tibia yellow; antenna yellow basally, grad- 

ually darkening apically; palps white; wings 

hyaline. Body length: 2.0-2.5 mm. 

6: as in female except antenna more uni- 

formly brown and second submarginal cell 

slightly longer and narrower. 

Material examined.— Holotype ? “CHILE: 

Osorno Prov. Parque Nac. Puyehue, 4.1 Km 

E Anticura, 430m, 19-26.XI1.1982 A. 

Newton and M. Thayer” (CNC). Paratypes: 

1 2, ARGENTINA, Neuquén, Lago Lacar, 
Pucara, i-v.1969, C. Porter (AEI); 1 9, 2 

same data as holotype (AEI, CNC); 5 9, 1 

é, same data except Antillanca road, 720- 

1000 m, 18-24.xii.1982 (CNC, TAMU); 20 
2, | 6, CHILE, Pucatrihue, Coast Osorno, 

28.i-5.11.1978, 1-10.x1.1980 and 1-10.11.1980, 
L. Pefia (AEI, CNC, TAMU); 1 2, CHILE, 
Terao, 23.11.1988, G. B. Edwards (AE]). 

Diagnosis.—This species is readily iden- 
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Figs. 28-30. Dapsildiastema crassa. 28, Fore wing. 29, Hind wing. Scale (wings) = 0.48 mm. 30, Mandible. 

tified by the narrow mandibles with well- 

developed dorsal knob on tooth 2. 

Discussion.—The specimen from Argen- 

tina was collected just on the other side of 
the Andes from the Chilean localities. Dap- 

sildiastema undoubtedly has a wider distri- 

bution in temperate South America than 

indicated by the limited material examined 

for this study. 

It is difficult to measure alysiine mandi- 

bles accurately due to the twisting of the first 
and third teeth. Thus measurements given 

here and elsewhere are subject to consid- 

erable error and should be taken only as a 

relative indication of size. The species name 

refers to the relatively narrow mandible. 

Dapsildiastema crassa Wharton, 

New SPECIES 

(Figs. 28-30) 

Description.—é Head: moderately 

transverse in dorsal view, about 1.5 x wider 

than long. Face smooth, polished, with low, 

complete median ridge, about 1.3 wider 

than high. Frons smooth, polished, appar- 

ently bare. Mandible (Fig. 30) short, broad, 
about |.1-1.2 x longer than width between 

tooth | and 3; broadening from base to apex; 
tooth | narrower and extending further dis- 

tad than tooth 3; tooth 2 without dorsal 

knob; diagonal ridge poorly developed to 

absent. Eye 1.25—1.5 x longer than temple; 
eyes not converging ventrally, lacking ob- 

vious setae. Antenna 34-35 segmented; first 

flagellomere 1.4—1.6 x longer than second. 

Maxillary palp slightly longer than height of 

head. Mesosoma: 1.3-1.45= higher than 

wide; 1.35-1.4 = longer than high. Prono- 

tum dorsally smooth, polished, with dis- 

tinct median pit. Mesonotum not as abrupt- 

ly declivitous anteriorly as in angusta; setae 

and notauli as in angusta; midpit shorter, 
but not punctiform. Prescutellar pit with 

median ridge and numerous lateral carinae. 

Metanotum medially as in angusta; lateral 

fields smooth, polished. Propodeum pol- 
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ished, weakly wrinkled and punctate, the 

sculpture irregular (better developed on 

paratype); spiracle as in angusta. Pronotum 

laterally with anterior margin produced as 

in angusta; smooth and polished through- 

out. Mesopleuron with posterior margin 

finely crenulate; sternaulus a weak, unsculp- 

tured median impression. Metapleuron with 

ventral half of anterior margin bearing very 

shallow trough; ventral flange prominent, 

more acutely pointed than in angusta; sur- 

face carinate to rugulose just dorsad hind 

coxa. Wings (Figs. 28, 29): fore wing stigma 

broad, tapering gradually into R1 distally, 
roughly 4x longer than wide; r arising very 

slightly basad midpoint; 1-RSb and 2-RSa 

approximately equal in length; r 0.25—0.30 x 

length of 2-RSa; 2-RSb as in angusta; RS 
+ Ma barely sinuate; m-cu distinctly post- 

furcal; M + CU very weakly pigmented and 

nebulous basally, increasingly well-devel- 

oped distally, pigmented and tubular over 

apical 0.15; lcu-a postfurcal by about its 

own length; 2-1A nearly absent distally, very 

weak and largely depigmented basally; 2cu-a 

nearly absent, represented by a short stub. 

Hind wing with M + CU 1.3-1.5x longer 

than 1-M. Metasoma: petiole about twice 

longer than wide, nearly parallel-sided, 

heavily striate, the striae slightly more me- 

dially directly and less regular than in an- 

gusta; dorsope and basal carina as in an- 

gusta. T2 with striae basal-laterally in 

holotype; unsculptured in paratype. Color: 

orange; clypeus and mandible yellow-or- 

ange; palps, coxae, trochanters, femora and 

most of tibiae pale yellow; apical half of 

hind tibia and all tarsi (at least dorsally) pale 

brown; antenna brown; head, petiole and 

most of T2 dark brown; paratype with pro- 

podeum, metapleuron, and part of meso- 

pleuron infuscate; wings hyaline. Body 
length: 2.4 mm. 

2: unknown. 

Material examined.—Holotype 4: ‘‘Bu- 

tamalal, Arauco, CHILE 21.11.1953 L. E. 
Pena” (CNC). Paratype: 1 4, same data as 

holotype (CNC). 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Diagnosis. —This species is similar to an- 

gusta, but is slightly broader. Major differ- 
ences are in the shape of the mandible (which 

is short and broad in crassa and narrow, 

with dorsal knob on tooth 2 in angusta), the 

broader stigma, and the postfurcal insertion 
of m-cu in the fore wing. 

Discussion.—The mesonotal disk and 

petiole are nearly identical in angusta and 

crassa, and, together with the shape of the 

stigma and loss of certain wing veins, these 

provide the most significant synapomorphs 

uniting these taxa. Although the stigma is 

distinctly thickened, relative to angusta, the 

shape suggests a secondary thickening de- 

rived from a narrow, more linear stigma. 

The typical plesiomorphic form of a hemi- 

spherical or wedge-shaped stigma is not 

found in Dapsildiastema. The species name 

refers to the thickened stigma. 

Genus Phaenocarpa Foerster 

Phaenocarpa Foerster 1862: 267. Type spe- 

cies: Alysia picinervis Haliday (monoba- 

sic and original designation). 

Phaenocarpa is one of the largest genera 

within the Alysiini (Wharton 1980). The 

most recent revision 1s by Fischer (1990), 
who treats the Palaearctic species and pro- 

vides a complete generic synonymy. Al- 

though the species of Phaenocarpa are gen- 

erally identifiable as such, traditional 

recognition of several smaller monophyletic 

taxa at the generic rank (e.g. Asobara, 

Aphaereta, Heratemis Walker) makes it dif- 

ficult to define Phaenocarpa other than on 

the basis of features which are plesiomorph- 
ic relative to these taxa (Wharton 1980). 

Phaenocarpa has thus become the basal 

group from which these other taxa have been 

derived. While unsatisfactory from a phy- 

logenetic standpoint, retention of Phaeno- 

carpa as a basal group serves a practical 

purpose (identification and literature re- 

trieval) during on-going studies to better de- 

fine the included elements. Two such ele- 

ments are described here. Both are treated 
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Figs. 31-35. 

mandible; scale bar = 100 um. 33, Antenna, showing basal three flagellomeres; scale bar = 100 um. 34, Right 

side of body showing relative length of ovipositor; scale bar = | mm. 35, Right side of mesosoma; scale bar = 

100 um. 

as species groups within Phaenocarpa even 

though they each have several derived traits 

which could be used to define them as sep- 

arate genera. This avoids the addition of 
still more genus group names to the Phaeno- 

carpa complex, while allowing discussion of 

the relationships of these species to other 

elements within the complex. 

PHAENOCARPA ANOMALA SPECIES GROUP 

Description.—Head: mandible (Figs. 31, 

32) with 3 well-developed teeth; tooth 2 

lacking dorsal knob, separated by distinct 

cleft from tooth 1; diagonal ridge well de- 
veloped; ventral margin of mandible cari- 

nate. Face not unusually short. Antenna with 

first flagellomere distinctly shorter than sec- 
ond (Fig. 33). Clypeus short, strongly pro- 

truding (Fig. 31). Epistomal sulcus broad, 

deep. Malar space not developed. Maxillary 

647 

Phaenocarpa sp. near anomala (from Durango, Mexico). 31, Face; scale bar = 100 um. 32, Left 

palp 6 segmented; labial palp 4 segmented. 

Mesosoma: pronotum dorsally (Fig. 39) with 

median pit (varying from shallow depres- 

sion to deep hole). Mesonotum (Fig. 39) 

lacking crenulate margin anterior-laterally; 

anterior declivity not delimited dorsally by 

transverse ridges extending mesally from 

lateral margins. Notauli deeply impressed 

at anterior declivity. Mesonotal midpit 

present. Scutellum somewhat flattened, 
without posterior spine. Metanotum (Fig. 

38) with median ridge well-developed, 
flange-like. Propodeum (Fig. 38) carinate, 

with small median areola. Sternaulus dis- 
tinctly impressed, usually sculptured. Wings 

(Figs. 36, 37): fore wing with radial cross 

vein (r) arising well distad middle of dis- 
crete, wedge-shaped stigma; 1-RSb equal to 

or longer than 2-RSa; m-cu entering cell 

IR1; cell 2CU not unusually narrow; closed 
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Figs. 36, 37. Phaenocarpa anomala. 36, Fore wing. 37, Hind wing. Scale bar = 0.96 mm. Abbreviations as 
used in text. For veins, R = Radius (R1 is also called the metacarpus); RS = Radial Sector; r = radial cross- 

vein; M = Media; m-cu = medio-cubital cross-vein; CU = Cubitus; cu-a = cubito-anal cross-vein; 1A = First 

Anal. Vein segments intercepted anteriorly by a cross-vein are designated 1-, 2-, etc.; vein segments intercepted 

posteriorly by a cross-vein are designated a, b, c, etc. 

submarginal; 1M = discoidal; 2CU = subdiscal. 

distally; 2-CUb interstitial or nearly so (2- 

CUa usually absent). Hind wing with m-cu 

well developed; M + CU nearly equal in 

length to 1-M; 3 hamuli. Metasoma: not 

laterally compressed; terga unsculptured 

posteriad petiole. Ovipositor sheath (Fig. 34) 

sparsely setose. 

Diagnosis.—This species group is char- 

acterized by the short second flagellomere, 
sparsely setose Ovipositor sheath, anterior 

migration of 2-CUb, short 2-RSa, loss of 

the dorsal knob on tooth 2, distal displace- 

ment of the origin of r on the stigma, and 

reduction of the posterior portion of the no- 

taulus. The first three character stages help 

to place this species group within Phaeno- 

carpa, while the others are found only in 

certain species and species groups within 

Phaenocarpa. The members of this group 

differ from other Phaenocarpa in having a 

short second submarginal cell, a feature 

which Wharton (1980) hypothesized as a 

For cells, 1R1 = first submarginal; 1 + 2RS = second 

plesiomorphic trait within the Alysiini. 

Thus, members of the anomala species 

group lack one of the major synapomorphs 

used by most previous workers to define 
Phaenocarpa, and consequently more close- 

ly resemble the sympatric Jdiasta, Gnatho- 

pleura, and Alysiasta in this regard. Many 
of the character states listed in the above 

diagnosis are putative synapomorphs unit- 

ing Phaenocarpa, Gnathopleura and Aly- 
siasta relative to Idiasta. However, anom- 
ala and related species lack the 4-toothed 
mandible characteristic of Gnathopleura and 

the shortened face and recurved 2-RSb of 
Alysiasta. They are therefore provisionally 

placed in the larger, more ill-defined genus 
Phaenocarpa rather than in either of these 

two smaller, more precisely defined genera. 

Discussion. — This group contains a small 

complex of species occurring from Chiapas 

in southern Mexico, north through Durango 

and into southern Arizona. One species is 
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Phaenocarpa sp. near anomala (from Durango, Mexico). 38, Dorsal-posterior view of mesosoma. 

39, Pro- and mesonotum. 40, Dorsal view of petiole. 41, Apex of ovipositor, lateral view. Scale bars = 100 um. 

described here to facilitate discussions on 

the difficulty of resolving relationships 
within the Phaenocarpa complex. Of major 

concern is the problem of defining /diasta 

on the basis of derived characteristics rel- 

ative to Gnathopleura, Alysiasta and Phae- 
nocarpa. Members of the anomala species 

group are intermediate between /diasta and 
these other genera in several respects, and 

resolution of their relationships will require 

a careful assessment of character state evo- 
lution within the Phaenocarpa complex 

[similar to that required for the correct 
placement of the Palaearctic theodori Snel- 

len van Vollenhoven (Fischer 1967, Ach- 

terberg 1974, Wharton 1980)]. 

Phaenocarpa anomala Wharton, 

NEw SPECIES 

(Figs. 36, 37) 

Description.—? Head: transverse in dor- 

sal view, 1.6-1.75 (m = 1.7) wider than 

long. Face (as in Fig. 31) smooth, polished, 

1.5-1.7 (m = 1.6) wider than high. Frons 

smooth, polished, with shallow, median, 

sculptured depression basally (barely indi- 

cated in smaller individuals). Mandible (as 

in Figs. 31, 32) 1.7-1.9 x longer than width 

between tooth | and 3; rugose sculpture 

confined to subapical band between tooth 

1 and 3, otherwise smooth, polished: tooth 

3 narrow, acute, extending distad tooth | 
which is broad, more or less orthogonal: 

tooth 2 broad with base and height sub- 

equal. Eye 2.1—2.6 (m = 2.4) longer than 

temple, lacking obvious setae. Antenna (as 

in Fig. 33) 33-34 segmented; second flagel- 

lomere 1.5—1.7 (m = 1.6) x longer than first; 
third flagellomere 1.3-1.4 x longer than first. 

Maxillary palp longer than height of head. 

Mesosoma: about 1.35-1.45 x higher than 

wide; 1.4—-1.45 longer than high. Prono- 

tum dorsally (about as in Fig. 39) a polished, 
narrow band with deep median pit. Meso- 

notal disk (as in Fig. 39) polished, nearly 

bare, setae largely confined to weakly sculp- 

tured notauli; notauli confined to anterior 

declivity, widely separated from midpit; 
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midpit and prescutellar pit as in Figs. 38, 

39. Metanotum (as in Figs. 35, 38) with 

median flange extending from base to apex; 

lateral field virtually unsculptured. Propo- 

deum (about as in Fig. 38) with median lon- 

gitudinal carina on anterior half and small, 

irregular, pentagonal areola on posterior 

half; anterior-lateral corners of pentagon 

producing a transverse carina extending to 

lateral longitudinal carina at level of pro- 

podeal spiracle; anterior-lateral fields of 

propodeum smooth, polished; posterior field 

irregularly rugose. Mesopleuron (as in Fig. 
35) polished, nearly bare medially; posterior 
margin crenulate throughout; sternaulus ab- 

sent anteriorly, crenulate medially, extend- 
ing to hind coxa as a narrow, unsculptured 

groove. Metapleuron smooth, polished, 

covered with long, white, ventrally-directed 

setae. Wings (Figs. 36, 37): fore wing stigma 
4.5-5.0 x longer than broad; 1-RSb 1.1-1.35 

(m = 1.2)x longer than 2-RSa; 2-RSb 

straight, extending to wing tip or nearly so; 

m-cu antefurcal by 0.16-0.22 (m = 0.18) x 
its length; M + CU nebulous basally but 

pigmented throughout; Icu-a postfurcal by 

about its own length. Hind wing with 1-M 
1.1-1.4 (m = 1.2) longer than M + CU. 

Metasoma: petiole 1.15-1.35 x longer than 

apical width; striate, dorsal carinae short, 
strongly convergent, meeting anteriad level 

of spiracle; dorsope deep. Ovipositor (as in 

Color: dark brown to reddish brown; coxae, 
trochanters, and antenna brown; remainder 

of legs, ovipositor and mesonotum around 
notauli yellow or yellow brown; hypopygi- 

um pale yellow, nearly white; palps white 

or nearly so. Body length: 2.9-4.6 mm. 

6 and biology: unknown. 

Material examined. — Holotype 2: “MEX. 
Chis. 7200 ft. S. Crist. las Casas 1-12 July 
1969 Malaise Trap” (CNC). Paratypes: 5 8, 

same locality, 30.v, 3-7.vi, 25.vi, and 1- 

12.vii.1969 (CNC, TAMU). 
Diagnosis.—This species, from Chiapas, 

Mexico, is darker than the undescribed 

members of this species group which I have 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

seen from Durango, Sinaloa, and Arizona 

(CNC, TAMU). The latter have a much 

more extensively orange mesosoma. Ad- 

ditionally, anomala tends to have a more 

widely antefurcal fore wing m-cu, a larger 

eye, a taller face, and better developed pet- 

iolar carinae than most of these other spe- 

cies. 

This species name refers to the anoma- 

lous shape of the fore wing cell 1 + 2RS 

relative to most other Phaenocarpa species 

PHAENOCARPA CRATOMORPHA SPECIES GROUP 

Description.—Head: mandible with 3 
well-developed teeth, sometimes with fourth 

tooth present between tooth | and 2; tooth 

2 otherwise separated by distinct cleft from 

tooth | and distinctly protruding beyond 

tooth | and 3 (Fig. 45); diagonal ridge well- 

developed; ventral margin of mandible with 

wide carina. Antenna longer than body, in- 

dividual flagellomeres much longer than 

wide in both sexes; first flagellomere vari- 

able, but usually slightly shorter than sec- 

ond. Eye-antennal sulcus often present (Fig. 

44). Clypeus of moderate size (Fig. 44), con- 

vex, though only weakly so in some species, 

never strongly protruding, hemispherical to 

nearly rectangular in outline. Epistomal sul- 

cus narrow, shallow to moderately deep. 

Malar space not developed. Maxillary palp 

very long (Fig. 47), 6 segmented; labial palp 

4 segmented. Mesosoma: pronotum dorsal- 

ly with midpit present, though sometimes 

obscured by crenulate sculpture. Mesono- 

tum with anterior-lateral margin nearly al- 

ways continuously crenulate to base of no- 

taulus; (Fig. 50), rarely interrupted; anterior 

declivity delimited dorsally by transverse 
ridges extending mesally from lateral mar- 
gins. Metanotum with either median ridge 

or distinct spine (Fig. 47, arrow), the latter 

occasionally quite long. Propodeum with 

median carina anteriorly and narrow me- 

dian areola posteriorly (Fig. 51). Sternaulus 

long, distinctly impressed, crenulate. Wings 

(Figs. 42, 43, 48, 49): fore wing with radial 
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Figs. 42, 43. Phaenocarpa cratomorpha. 42, Fore wing; scale bar = 0.48 mm. 43, Hind wing; scale bar = 

0.4 mm. 

cross-vein (r) arising slightly basad mid- 

point of stigma in males of at least one spe- 
cies, but more commonly arising slightly 

distad midpoint; stigma variable in shape, 
usually narrow in basal half, broader dis- 

tally, discrete, not merging imperceptibly 

with metacarpus distally; males of many 

species with stigma split from base to apex 
by a hyaline streak; 2-RSa longer than 

1-RSb; m-cu nearly always entering cell 1R1, 

rarely interstitial with 1-RSb or entering cell 
1 + 2RS; cell 2CU short, closed distally; 

2-CUb interstitial (2-CUa absent or fused 

with 2-CUb). Hind wing with m-cu absent: 

M + CU distinctly shorter than 1-M; 2-M 

represented by a short, sclerotized stub, usu- 

ally distinctly angled towards posterior wing 

margin. Metasoma: not laterally com- 

pressed: petiole with dorsope; terga un- 

sculptured posteriad petiole. Ovipositor 

sheath moderately setose (Fig. 53); ovipos- 

itor very slightly swollen subapically, but 

without discrete subapical node (Fig. 53). 

Diagnosis.—This species group is char- 

acterized by the shape of the stigma (Figs. 
42, 48), the poorly developed subapical node 

on the ovipositor, and the absence of m-cu 

in the hind wing. The long cell 1 + 2RS, 
interstitial 2-CUb, hind wing with short M 
+ CU, assist in the placement of this group 

in the genus Phaenocarpa. The basal fla- 

gellomere, however, 1s unusually long for 

members of this genus. 

Discussion.—The above description is 

based on 12 species (specimens from AEI, 

BMNH, CAS, CNC, TAMU) ranging from 

Central Mexico through Brasil. Males which 

have a divided stigma are very distinctive, 
and it is tempting to accord this group ge- 

neric rank on that basis. The elongate meta- 

notal spine found in some of these species 

further separates this group from more typ- 

ical members of the genus Phaenocarpa. 

However, females of all species examined 

thus far lack the divided stigma, and males 

of at least two species also have an undi- 

vided stigma. Further, there is a gradual 
transition among the species available for 

study from those with a long metanotal spine 

to those with a relatively low flange (as in 
Fig. 47). The most plesiomorphic forms 
within each of these two character systems 
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Phaenocarpa sharkeyi. 44, Face; scale bar = 100 um. 45, Right mandible; scale bar = 50 um. 
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ih 47 

46, Lateral view of head; scale bar = 100 um. 47, Right side of mesosoma, showing metanotal spine (arrow); 

scale bar = 100 um. 

have been the deciding factors in my place- 

ment of the cratomorpha species group 

within Phaenocarpa. Members of this spe- 

cies group also resemble, in some respects, 
both Heratemis (deflected hind wing 2-M) 

and Cratospila (head shape, ovipositor, and 

long flagellomeres). It is tempting to place 

the cratomorpha species group in Cratospila 

because of the similarity in habitus. Their 

derivation from Cratospila, however, would 
require a shortening of the hind wing M + 
CU, elongation of fore wing cell 1 + 2RS, 
a change in the shape of the fore wing cell 

2CU, development of transverse ridges along 
dorsal margin of anterior declivity, devel- 

opment of metanotal flange or spine, and 

loss of mesosomal sculpture. All of these 

character states are found in at least some 

members of the genus Phaenocarpa, though 

none is unique to the genus. Placement in 

Cratospila would therefore require heavy 

weighting of the antennal character. 
This is a Neotropical species group, and 

I have seen a small number of specimens 

each from various localities in Mexico, El 

Salvador, Costa Rica, Brasil, and Ecuador. 

Two species are described here to illustrate 

some of the variation within the group. 

Phaenocarpa cratomorpha Wharton, 

NEw SPECIES 

(Figs. 42, 43) 

Description.—2 Head: moderately 
transverse in dorsal view, 1.5 x wider than 

long. Face finely punctate, polished, 1.2 x 

higher than wide. Frons smooth, polished, 

bare. Mandible 1.9 x longer than width be- 

tween tooth | and 3, slightly wider at apex 

than at base, dorsal margin shallowly con- 

cave; surface largely smooth, with only weak 
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sculpture apically; tooth | broad, nearly or- 

thogonal; cleft between tooth | and 2 deep, 

lacking additional tooth or knob; tooth 3 
narrower, slightly acute, projecting slightly 

more distally than tooth 1; tooth 2 narrowly 

triangular, longer than basal width. Eye large, 

3.1 x longer than temple, lacking obvious 

setae. Anterior tentorial pit small (as in Fig. 
44). Antenna 28 segmented; apex of scape 

strongly excavated laterally; second flagel- 
lomere 1.1 x longer than first. Maxillary palp 

more than 2 longer than height of head. 
Mesosoma: 1.45 higher than wide; 1.4 x 

longer than high. Pronotum dorsally weakly 

and irregularly rugulose: groove along pos- 

terior margin widely interrupted medially; 

anterior margin weakly emarginate. Meso- 

notal disk polished, with 4-5 setae per side, 

extending along notauli; anterior declivity 

vertical, with scattered setae; notauli with 

crenulate transverse portion extending pos- 

teriorly only a short distance, not reaching 

well-developed midpit; median mesonotal 

lobe with unsculptured median longitudinal 

groove. Prescutellar pit about twice broader 

than long, with median carina. Metanotum 
with thin longitudinal flange along midline, 

flange shorter than mid-dorsal length of 

metanotum. Sternaulus crenulate through- 

out, narrower posteriorly. Wings (generally 
similar to Figs. 48, 49): fore wing with stig- 

ma narrow, solid throughout, basal half dis- 

tinctly narrower than distal half, 5.5 x lon- 

ger than broad; r short, slightly longer than 

half mid-width of stigma, arising slightly 

distad middle of latter; 2-RSa 1.5 longer 

than 1-RSb; 2-RSb extending to wing tip, 

very weakly recurved at apex; m-cu dis- 

tinctly antefurcal; lcu-a postfurcal by slight- 

ly more than its own length. Hind wing with 

1-M 2.8 x longer than M + CU; 3 hamuli. 

Metasoma: petiole 1.7 x longer than apical 

width; weakly strigose, sculpture weaker lat- 

erally, dorsal carinae more or less parallel- 

sided, weakly developed, absent posterior- 

ly; dorsope a deep pit. Ovipositor sheath 

bearing 12-15 long setae plus a cluster of 
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short setae at apex; sheath length about as 

in sharkeyin. sp., but partially retracted and 

therefore difficult to measure. Color: dark 

brown; pronotum dorsally, propleuron, 

mesonotum,, and metasomal terga 3 and 

following brown or yellow brown; dorsal part 

of face, scape, pedicel, mandible, lower tem- 
ple, legs (except fore and mid coxa white 

ventrally and hind coxa infumate dorsally 

at base) yellow; palps and flagellomeres 20- 

23 white; wings hyaline. Body length: 2-3 
mm. 

6: Similar to female except as follows: head 

1.4-1.45 x wider than long. Face 1.05-1.1 x 

higher than wide. Mandible 1.8—2.0 x width 

between tooth | and 3. Eye distinctly small- 

er, 2.1-2.2 x longer than temple. Second fla- 

gellomere 1.1-1.2 x longer than first. Pro- 

podeal areola ill-defined. Fore wing stigma 
split (Fig. 42) with thickened, linear portion 

along anterior margin separated basally by 

a hyaline streak from the posterior portion 

connected to r; stigma 6-7 longer than 
broad; 1-M of hind wing 2.5 x longer than 

M + CU. Petiole 1.75-2.0x longer than 

apical width, with dorsal carinae better de- 

veloped and more nearly convergent than 

in female. 

Biology: unknown. 

Material examined.—Holotype — 2: 
“MEXICO: Guerrero 6.4 mi SW Filo de 

Caballo 9000 ft VIII-8-1987 R. Wharton” 

(USNM). Paratypes: 2 4, same data as ho- 

lotype (TAMU). 
Diagnosis.— This species is characterized 

by sexual dimorphism in the shape of the 

stigma, its variegated color pattern, and the 

shape of the median flange on the meta- 
notum. Other species which I have seen from 

this region of Mexico are generally darker, 

and either have the stigma solid in both 

sexes and/or a median mesonotal spine. 

Phaenocarpa sharkeyi n. sp., described be- 

low, has a lighter-colored head and a more 

spine-like (rather than flange-like) metano- 

tal projection. 

Discussion.—This species is named for 
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Figs. 48, 49, 
mm, 

Phaenocarpa sharkeyi. 48, Fore wing; 

its superficial resemblance to members of 

the genus Cratospila (see species group dis- 

cussion above). 

Phaenocarpa sharkeyi Wharton, 

New SPECIES 

(Figs. 44-53) 

Description.—? Head: moderately 
transverse in dorsal view, 1.45 x wider than 

long. Face (Fig. 44) finely punctate, pol- 

ished, 1-1.05 x higher than wide. Frons (Fig. 

50) smooth, polished, bare. Mandible (Fig. 

45) 1.7-1.9x longer than width between 

tooth | and 3, otherwise as in P. cratomor- 

pha. Eye very large (Fig. 46), 4.7-6.2 x lon- 
ger than temple, lacking obvious setae. An- 

terior tentorial pit relatively small (Fig. 44). 

Antenna 27-29 segmented; scape at apex 

strongly excavated laterally; second flagel- 

lomere 1-1.05 x longer than first. Maxillary 

palp more than 2x longer than height of 

head. Mesosoma: narrow, |.6 x higher than 

wide; 1.4 x longer than high. Pronotum dor- 

sally (Fig. 50) with shallow, barely percep- 

tble median pit, very weakly rugulose me- 

scale bar = 0.96 mm. 49, Hind wing; scale bar = 0.8 

dially, smooth laterally; groove along 

posterior margin widely interrupted medi- 
ally; anterior margin deeply emarginate. 

Mesonotal disk polished, with 1-2 setae per 

side; anterior declivity nearly vertical (Fig. 
47), with 2-4 setae; notauli with transverse 

portion deep and crenulate, then extending 

posteriorly to midpit as two smooth, very 

shallow, weakly converging lines; midpit 

deep. Prescutellar pit about twice broader 

than long, with median carina. Metanotum 
(Figs. 47, 51) with short median spine aris- 

ing from posterior margin, spine shorter than 

mid-dorsal length of metanotum. Sternau- 
lus (Fig. 47) with sculpture confined largely 

to anterior half. Wings (Figs. 48, 49): fore 

wing with stigma narrow, solid throughout, 

basal half distinctly narrower than distal half, 
5.7-6.2 x longer than broad; r short, about 

half mid-width of stigma, arising from mid- 

dle of latter; 2-RSa 1.4-1.7< longer than 

1-RSb; 2-RSb extending to wing tip, weakly 

recurved at apex; m-cu distinctly antefurcal; 

Icu-a postfurcal by slightly more than its 

own length. Hind wing with 1-M 2.1-2.7 x 
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Figs. 50-53. 
51, Posterior-lateral view of mesosoma. 52, Dorsal view of petiole. 53, Apex of ovipositor and sheath, lateral 

view. Scale bars = 100 um. 

longer than M + CU; 3 hamuli. Metasoma: 

petiole (Fig. 52) 1.65-1.75* longer than 

apical width; dorsal carinae more or less 

parallel-sided, weakly developed to absent 

on posterior half; weakly rugulose, especial- 

ly posterior-medially; dorsope deep. Ovi- 

positor sheath 0.6—-0.7 x length of mesoso- 

ma; bearing | 2-15 long setae plus a cluster 

of 5-6 short setae at apex (Fig. 53). Color: 

yellow, metasomal terga variously blotched 

with yellow-brown; coxae, trochanters 
largely, metasomal sterna, palps, and most 

of mandible white; antenna with scape, ped- 

icel, and basal 4-6 flagellomeres yellow; 8- 

10 subapical flagellomeres white; remaining 

flagellomeres brown to dark brown; wings 

hyaline. Body length: 2.5 mm. 
6 and biology: unknown. 
Material examined.—Holotype 2: “EC- 

UADOR, Pich. S. Domingo, 16 km SE Ti- 
nalandia 680m. 15—30.v1.75 Peck” (CNC). 

Phaenocarpoa sharkeyi. 50, Dorsal view of head, pronotum and anterior portion of mesonotum. 

Paratypes: 2 2, same data as holotype (CNC, 

TAMU). 
Diagnosis.—This species is most readily 

recognized by its pale coloration and rela- 

tively short metanotal spine. All other spe- 

cies known to me (both described and un- 

described) have at least part of both head 

and thorax brown. 

Discussion.—This species is named for 

Michael Sharkey (CNC, Ottawa) in recog- 
nition of his valuable contributions to the 

study of braconids. 

Genus Pneumosema Fischer 

Pneumosema Fischer, 1966b: 207. Type 

species: Pneumosema stigmaticum § Fi- 

scher (monobasic and original designa- 

tion). 

Fischer (1966b) described Pneumosema 

from a single species collected in New York. 
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Figs. 54, 5S. 

scale bar = 0.25 mm. 

This species appears to be relatively re- 

stricted in distribution to northeastern 

United States and southeastern Canada. Al- 

though superficially resembling members of 

the Aspilota complex [see Wharton (1980, 

1985) and Achterberg (1988) for discussion 

of this complex] due to its small size and 

short, robust antenna, the venation is dis- 

tinctly different and the mandible is unusu- 
ally large. 

A second species, collected recently in 

Louisiana, helps to further characterize this 

genus. Though known from only a single 

specimen, it is described here to facilitate 

studies on the relationships among the gen- 

era of the A/ysia and Aspilota complexes. 

Pneumosema perditum Wharton, 

New SPECIES 

(Figs. 54-57) 

Description.—? Head: subcubical in 

dorsal view, about 1.25 = wider than long; 
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Pneumosema perditum. 54, Lateral view of body showing short antenna. 55, Left mandible; 

temples broad, head in dorsal view 1.1 x 

wider at temples than at eyes. Face very 

short, sparsely setose, polished, 2.45 x wider 

than high. Frons short, smooth, virtually 

bare. Clypeus short, rounded, strongly pro- 

truding. Mandible (Fig. 55) 1.8 x longer than 

width between tooth | and 3; broad, slightly 

wider at apex than at base, wider apically 

than height of face; surface rugulose medi- 

ally, deeply concave apically; 3-toothed, with 

deep clefts between tooth | and 2 and be- 

tween 2 and 3, without dorsal knob on tooth 

2, tooth | only slightly larger than tooth 3, 

both equally distant from base and sharply 

pointed, nearly orthogonal; diagonal ridge 

and ventral margin both well developed and 

carinate. Eye about 1.3 x longer than temple 

(Fig. 54), with minute setae. Eye-antennal 
sulcus absent. Antenna (Fig. 54) about half 

length of body, 12 segmented; first flagel- 
lomere about 1.25 longer than second, 

about 2.5 x longer than mid-width; remain- 
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57 

Figs. 56, 57. 

ing flagellomeres short, less than twice lon- 

ger than broad; all but apical flagellomere 

with broad patch of placoid sensilla. Palps 

very short, apparently 3 and 2 segmented, 

respectively. Mesosoma: 1.3 higher than 

wide, 1.35 longer than high. Pronotum 

barely visible in dorsal view, represented 
only by a thin, more or less vertical flange. 

Mesonotum with anterior declivity abrupt, 
vertical, not delimited dorsally by trans- 

verse ridges; anterior-lateral margin smooth, 
lacking crenulae; disk bare, with only a few 

short setae near top of anterior declivity; 
midpit and notaulus absent. Prescutellar pit 

narrow, roughly 4x wider than mid-length, 
weakly sculptured and with an incomplete 

midridge; scutellum flat. Metanotum me- 

dially with large, flat, polished, nearly square 
boss. Propodeum with low median longi- 

tudinal carina, otherwise unsculptured; spi- 

racle exceptionally large but posteriorly dis- 

placed so that diameter is equal to distance 

between spiracle and anterior margin of 

propodeum but more than twice distance to 

posterior margin. Sternaulus impressed for 
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Pneumosema perditum. 56, Fore wing. 57, Hind wing; scale bar = 0.3 mm. 

most of length of mesopleuron, sculpture 

limited to a few weak crenulae. Metapleu- 

ron lacking obvious ventral flange or knob. 

Legs with femora somewhat thickened; hind 

femur about 2.4 longer than mid-width. 
Wings (Figs. 56, 57): fore wing stigma large, 

nearly hemispherical, but tapering gradually 

into metacarpus distally, roughly 3 x longer 

than broad; r very short, much less than 

width of stigma; r-m absent, 2-RS evenly 

curved, ending slightly but distinctly before 
wing tip; m-cu antefurcal by about half its 

length; M + CU nebulous and very weakly 

pigmented for most of its length; 1cu-a post- 
furcal by its own length; cell 2CU broadly 

open: vein 2-CUb interstitial with 1-CUb 

(2-CUa absent or fused with 2-CUb), 2cu-a 
and distal half of 2-1A absent. Hind wing 
with M + CU about half length of 1-M; 
m-cu absent. Metasoma: petiole about as 

long as apical width, apex about 2 wider 

than base; largely smooth and polished: spi- 

racle enlarged, but only about half size of 

propodeal spiracle; dorsal carinae short, 

widely separated at base, diverging medially 
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to posterior margin of spiracle; dorsope not 

developed. Remainder of metasoma un- 

sculptured. Ovipositor with well-developed 

dorsal, subapical notch and node; sheath 

roughly 0.7 length of mesosoma. Color: 

dark brown; antenna, propleuron, part of 

pronotum and much of posterior half of me- 

sosoma brown; legs yellow-brown; scape, 

pedicel, and mandible yellow: palps white: 

wings hyaline. Body length: 1.7 mm. 

6 and biology: unknown. 

Material examined.—Holotype °: USA, 

“Louisiana: Natchitoches Parish, 10 mi. W. 

Gorum, VI-3 to 18-1989 R. Wharton” 

(USNM). 

Diagnosis.—This species is readily sepa- 

rated from the type species, P. stigmaticum 

Fischer, by the loss of the r-m cross-vein in 

the fore wing (from whence the specific 
name). The mandible is also more sym- 

metrical than in perditum, and the dorsope 

of the petiole is undeveloped. The loss of 

fore wing vein r-m is a characteristic of the 

tribe Dacnusini, and has heretofore been 

recorded only for a few aberrant specimens 

in the Alysiini, and for Grandia cynaraphila 

(Ricchello) (Griffiths 1964, Wharton 1980). 

Pneumosema perditum is readily separated 

from dacnusines, however, by the relatively 

long ovipositor and the size and shape of 

the mandibles and fore wing stigma. 

Discussion.—The two known species of 

Pneumosema share several apomorphic 

traits. Both have greatly reduced palps, en- 

larged propodeal and petiolar spiracles, 
massive mandibles, very short antennae 

with short, broad flagellomeres, short hind 

wing M + CU, anda broadly open fore wing 

cell 2CU. They differ dramatically from 

members of the Aspi/ota complex in the re- 

tention of a well-developed stigma (not sec- 

ondarily thickened as in Prosapha), the dis- 

tinctly antefurcal fore wing m-cu, and the 

massive mandible with well-developed di- 
agonal ridge. 

As noted by Wharton (1980), Pnueumo- 

sema does not closely resemble any of the 

other previously described genera of the 
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Alysiini, and the discovery of a second spe- 

cies serves only to emphasize the relatively 
large number of unusual characteristics. The 
reduced body sculpture, broad head, short 

antenna, and large propodeal stigma suggest 

a placement near the monobasic Dinostig- 

ma Fischer. The relationships of Dinostig- 
ma have also been difficult to establish be- 

cause of the unusual wing vein pattern 
(Fischer 1966a, Wharton 1980). Achterberg 

(1988) placed Dinostigma as a sister-group 

of Eudinostigma Tobias within the Aspilota 

complex. The apomorphic character states 

used by Achterberg (1988, Fig. 1) to place 

Dinostigma within the Aspilota complex, 
however, apply equally as well to Pneu- 

mosema. Although Dinostigma and Pneu- 

mosema share several apomorphic traits, the 

genus Vachterbergia n. gen., described be- 
low, 1s also a strong candidate as the sister- 

group to Pneumosema, due to similarities 

in fore and hind wing venation as well as 

the reduced body sculpture and short an- 

tenna. 
The holotype of P. perditum is not well 

preserved, as there was some slight shriv- 

elling after removal from alcohol. This may 
have affected a few of the measurements 
given here. Further, the number of palp seg- 

ments could not be counted accurately be- 

cause the palps were not plainly visible. 

Vachterbergia Wharton, NEw GENUS 

Type species: Vachterbergia grayi Whar- 

ton, New Species. 

Description.—Head: strongly com- 

pressed anterior-posteriorly (Figs. 59, 61). 

Mandible (Fig. 60) with 3 well-developed 

teeth; tooth 2 long, narrow, lacking dorsal 

knob, separated by distinct cleft from tooth 
1; tooth 3 protruding distinctly distad tooth 

1; diagonal ridge well-developed; ventral 

margin of mandible carinate. Antenna and 

flagellomeres short; first flagellomere about 

as long as second (Fig. 63). Eye-antennal 

sulcus absent. Clypeus (Figs. 58, 59) flat, 
bell-shaped. Epistomal sulcus narrow and 

deep. Malar space not developed. Palps re- 
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Figs. 58-61. 

duced; maxillary palp 4-5 segmented, labial 

palp 2-3 segmented. Mesosoma: pronotum 

dorsally with weak median depression at 

anterior margin. Mesonotum (Fig. 65) lack- 

ing crenulate margin anterior-laterally; an- 

terior declivity not delimited dorsally by 

transverse ridges extending mesally from 

lateral margins. Scutellum convex, neither 

strongly elevated nor with posterior spine. 

Metanotum with median ridge well-devel- 

oped, flange-like. Propodeum (Fig. 65) 

largely unsculptured, with or without me- 

dian ridge; propodeal spiracle slightly to dis- 

tinctly enlarged. Sternaulus narrow, im- 

pressed, sculptured. Wings (Figs. 67, 68): 

fore wing with radial cross-vein (r) arising 

distad middle of discrete stigma; 2-RSa lon- 

ger than 1-RSb; m-cu entering cell 1R1, 

widely separated from cell 1 + 2RS; cell 

2CU narrow, closed distally; 2-CUb inter- 
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Vachterbergia sp. 58, Face; scale bar = 100 um. 59, Lateral view of head; scale bar = 100 um. 

60, Left mandible; scale bar = 10 um. 61, Lateral view of body; scale bar = 1 mm. 

stitial (2-CUa absent or fused with 2-CUb). 
Hind wing with m-cu absent; M + CU dis- 

tinctly shorter than 1-M. Metasoma (Fig. 

61): not strongly laterally compressed; terga 

unsculptured posteriad petiole. Ovipositor 

sheath sparsely setose (Figs. 61, 66). Known 

only from females from Ecuador and Ven- 

ezuela. 

Diagnosis.—The genus is characterized 

by the strongly compressed head (Figs. 59, 

61). Additionally, the following combina- 
tion of characters serves to separate Vach- 

terbergia from all other Alysiini except 
Pneumosema: short antenna with short, 

broad flagellomeres and first flagellomere 

about equal in length to second; absence of 

ridge along inner margin of the notaulus; 

fore wing vein r arising distad short, discrete 
stigma, m-cu of fore wing antefurcal: and 

cell | + 2RS elongate. Pneumosema is char- 
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Figs. 62-66. Vachterbergia sp. 62, Antenna, showing apical 3 flagellomeres; scale bar = 50 um. 63, Antenna, 

showing basal 3 flagellomeres; scale bar = 50 um. 64, Left side of mesosoma and anterior portion of metasoma; 

scale bar = 100 um. 65, Dorsal view of mesosoma; scale bar = 100 um. 66, Apex of ovipositor and ovipositor 

sheaths, lateral view; scale bar = 50 um. 

acterized and readily separated from Vach- 

terbergia by the following apomorphic char- 

acter states: pronotum dorsally greatly 

reduced; cell 2CU of fore wing open distal- 

posteriorly; and stigmata of propodeum and 

petiole greatly enlarged. 

Discussion. — Vachterbergia and Pneu- 

mosema are hypothesized to form a mono- 

phyletic group weakly characterized by the 

short antenna, reduced mesonotal and pro- 

podeal sculpture, and very short hind wing 

cell CU. There is not enough material at 
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Figs. 67, 68. 

hand to determine whether the enlarged 
propodeal spiracle found in one of the three 

known species of Vachterbergia represents 

an independent acquisition or further re- 

flects common ancestry with Pneumosema. 

Several members of the Aspi/ota group 

(Wharton 1980, 1985, Achterberg 1988, 

Achterberg and Bin 1981) have similarly 

short antennae and variously reduced body 

sculpture. Aspi/ota and related genera, how- 

ever, can be separated as monophyletic on 

the basis of the greatly reduced mandibles 
and linear fore wing stigma (at least in fe- 

males). 

Pneumosema and Vachterbergia are 

known from only two and three species re- 

spectively. Further collecting and analysis 

of the Neotropical fauna may eventually turn 

up species which fill the morphological gap 

between the two. For the present however, 

both are adequately characterized as mono- 

phyletic and thus treated here as separate 

genera. Vachterbergia is represented in the 

material at hand by seven specimens, in- 

cluding the type series from Ecuador, a sec- 
ond species from Ecuador represented by a 

Vachterbergia grayi. 67, Fore wing; scale bar = 0.37 mm. 68, Hind wing; scale bar = 0.3 mm. 

single specimen (AEI), and a third species 

from Venezuela (TAMU). The latter 1s rep- 

resented by only 2 specimens, one of which 

is illustrated in Figs. 58-66. 

The genus is named in honor of C. van 

Achterberg for his many significant contri- 
butions to the study of Braconidae. 

Vachterbergia grayi Wharton, 

NEw SPECIES 

(Figs. 67, 68) 

Description.—? Head: in dorsal view 

about twice wider than long. Face tall, 

smooth (as in Fig. 58), 1.2-1.35 x wider than 

high. Mandible with dorsal and ventral bor- 

ders weakly converging distally; tooth 1 

small and acutely pointed. Eye very large, 

temple nearly absent in lateral view (even 

more so than in Fig. 59); eye with a few, 

scattered, very short setae. Antenna (as in 

Figs. 61-63) 15-17 segmented. Mesosoma: 

narrow, about twice higher than wide; 1.4— 

1.5 x longer than high. Mesonotum with 3- 

4 pairs of scattered setae, length of setae as 

in Figs. 64, 65; notauli absent or nearly so; 

mesonotal midpit absent. Prescutellar pit 
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narrow, without midridge (as in Fig. 65). 

Propodeum with rugulose sculpture apically 

(posteriad spiracle), and with weak median 

carina sometimes present on posterior half; 

spiracle moderately large, distance to an- 
terior margin about 3.5 x its diameter, spi- 
racle situated about half way between an- 

terior and posterior margins. Pronotum 

laterally with finely crenulate posterior mar- 

gin. Sternaulus shallow, short, crenulate, 

medially placed and only rarely weakly con- 

nected to anterior margin. Metapleuron (as 

in Fig. 64) smooth, polished, flat and with 

only 1-2 setae medially; ventral flange or 

knob virtually absent. Hind femur 3.35- 
3.55 longer than mid-width; hind tarsal 

claws short, strongly curved, about half 

length of fifth tarsomere. Wings (Figs. 67, 
68): fore wing stigma narrowly wedge- 

shaped, about 4 x longer than broad; 2-RSa 

1.70-1.85 = longer than 1-RSb; 2-RSb 

weakly curved, extending to wing tip; m-cu 

antefurcal by 0.3-0.6 x its length; M + CU 
spectral basally, nebulous distally; cell 2CU 

about 6-7 x longer than wide; | cu-a distad 
of 1-M by at least its own length. Hind wing 
with RS nebulous to spectral basally, absent 

or present only as a crease distally; 2-M 

barely visible at base; M + CU about half 

length of 1-M:; 3 hamuli. Metasoma: petiole 
largely smooth and polished, very weakly 

striate posteriorly in two of the specimens; 

dorsal carinae weak, short, not extending 

beyond middle of petiole; dorsope large, 
deep. Ovipositor sheath with about 10 long 

setae. Color: pale brown; mandible, scape, 

pedicel, propleuron, pronotum dorsally and 

anterior-laterally yellow; apical 3-5 flagel- 
lomeres, legs, and palps somewhat lighter 

yellow to nearly white (tibia darker than 

coxa and trochanters); wings weakly infu- 

mate. Body length: 1.5-1.9 mm. 
é: unknown. 

Material examined.—Holotype 9°: “EC- 
UADOR: Pinchincha 47Km. s. Santo Do- 

mingo Rio Palenque Station IJ.1976. S&J 
Peck” (CNC). Paratypes: 2 2, same locality 

and collector, 22-31.vi1.1976 and 18- 
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30.v.1975 (CNC, TAMU); | 2, same as ho- 

lotype but 16 km S.E. Santo Domingo, Ti- 

nalandia, 680 m, 15-30.vi.1975, Peck 
(CNC). 

Diagnosis.—In addition to the generic 

characters, this species may be recognized 

by the pale mandible with acutely pointed 

tooth 1; mesonotal setae reduced to 3-4 
pairs; head about twice wider than long; hind 

femur less than 4x longer than broad; and 

petiole largely smooth and polished. I have 

seen a slightly darker species from Vene- 

zuela with rounded tooth | (Fig. 60), greater 
number of mesonotal setae, slightly less 
compressed head, more slender femur, and 

more distinctly striate petiole. I have also 

examined a third species from Ecuador with 

a uniformly dark brown head and body, and 

enlarged propodeal spiracles. 

Discussion.—This species is named for 

Kat Gray, for contributions entomological. 
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THE CLASSIFICATION OF CHRYSONOTOMYIA ASHMEAD AND 
TELEOPTERUS SILVESTRI (HYMENOPTERA: EULOPHIDAE), 

WITH A REVIEW OF THE SPECIES IN THE NEARCTIC REGION 

CHRISTER HANSSON 

Department of Systematic Zoology, Helgonavagen 3, S-223 62 Lund, Sweden. 

Abstract.—The status and morphological range of Chrysonotomyia Ashmead and Te- 

leopterus Silvestri are discussed. The type species of Chrysonotomyia auripunctata (Ash- 

mead) is redescribed. A key to the Holarctic species of Teleopterus is presented. Five 

species are recognized, of which one is described as new: politus, which together with 7. 

erxias (Walker) are the only species known from the Nearctic region. 

The genus Desmatocharis Graham is regarded as a synonym of Teleopterus. Two new 

combinations to Te/eopterus are proposed: Eulophus turcicus Nees from Desmatocharis 

and Desmatocharis reticulatus Kamijo. The first European record of 7. reticulatus, and 

the first host record for this species is given. 

Key Words: 

onomy, biology, Holarctic 

The genus Chrysonotomyia was described 

by Ashmead (1904), based on a single spe- 

cies (auripunctata) previously described in 

Eulophus (Ashmead 1894) from the West 

Indies. Boucek (1977) synonymized Achry- 
socharis Girault with Chrysonotomyia. 

Boucek and Graham (1978), Boucek (1988) 

and Schauff (1991) synonymized additional 

genera under Chrysonotomyia. Hansson 

(1994) found that Chrysonotomyia had for- 

merly been misinterpreted and regarded all 

generic synonyms under Chrysonotomyia as 

erroneous. 
The genus Jeleopterus was described by 

Silvestri (1914) to include an African spe- 

cies (notandus). Viggiani (1967) synony- 

mized Metasecodes Erdés with Teleopterus. 

Metasecodes was based on a single Euro- 

pean species (bicolor), which was later syn- 

onymized with Te/eopterus erxias (Walker) 

by Graham in Boucek and Askew (1968). 

Boucek (1969) described an additional Eu- 

ropean species (delucchii) in Teleopterus, and 

Hymenoptera, Eulophidae, Entedoninae, Chrysonotomyia, Teleopterus, tax- 

later (Boucek 1974) synonymized Omphale 

scutellata Ferriére with 7. erxias. Later 

(1977) Boucek transferred two species to 

Teleopterus from Closterocerus, both spe- 

cies were described from the West Indies, 

and in 1988 transferred an Australian spe- 

cies from Achrysocharis to Teleopterus, and 
stated that he had also seen material of Te- 

leopterus from South Asia. Graham (1959) 

described the genus Desmatocharis from a 

species (turcica) described by Nees (1834) 

in Eulophus. Kamijo (1986) described a sec- 

ond species (reticulata) of Desmatocharis, 

from Japan. Prior to this study the genus 

Teleopterus was unknown in the Nearctic 

region. 

TERMINOLOGY, METHODOLOGY AND 

ABBREVIATIONS 

The terminology used here is explained 

in Hansson (1990). Abbreviations of terms 

used in the text are: HE = height of eye; LG 

= length of gaster; LM = length of marginal 
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vein; LP = length of postmarginal vein; LS 

= length of stigmal vein; LW = maximum 
length of forewing, measured from base of 
marginal vein to apex of wing (Fig. 14); MM 

= length of mesosoma; MS = malar space, 

the maximum value obtained by rotating 

the specimen; POL = distance between hind 

ocelli; POO = distance behind hind ocelli 

and occipital margin; WH = width of head; 
WM = width of mouth opening; WT = 

maximum width of thorax, measured across 

mesoscutum; WW = maximum width of 

forewing, measured across a line right-an- 

gular to LW (see above) (Fig. 14). 

The description of each species includes 

the bulk of specimens examined, not just 

the primary type, and the observed varia- 

tion is included in the descriptive text. 

Abbreviations of museums: BMNH = 
British Museum (Natural History), London; 

CNC = Canadian National Collections, Ot- 
tawa; LUZM = Lund University Zoological 

Museum; USNM = United States National 

Museum of Natural History, Washington, 

Dic 

DISCUSSION 

The genera Chrysonotomyia and Teleop- 

terus are the only genera in Entedoninae 

possessing two hairlines that radiate from 

the stigmal vein (Fig. 14). The two stigmal 

hairlines is an apomorphic character state, 

but at present I am not able to say whether 

this is a synapomorphy for a monophyletic 

group consisting of Chrysonotomyia and 

Teleopterus, or something that has devel- 

oped independently in the two genera. 

Besides the two hairlines in the forewing 
the other diagnostic characters for Chryso- 

Figs. 1-16. 
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notomyia are two: clypeus delimited (Figs. 

1, 2) and midlobe of mesoscutum with one 

pair of setae (Fig. 12). A delimited clypeus 
is also found in Omphale Haliday and re- 
lated genera, and it is possible Chrysono- 

tomyia belongs to this group. But so far I 

have not found additional characters to sup- 

port this hypothesis. A single pair of setae 

on midlobe of mesoscutum is also found in 

Closterocerus Westwood and Ceranisus 

Walker, but other characters do not indicate 

a close relationship with any of these two 

genera (Hansson 1994). Clearly none of these 

characters are unique to Chrysonotomyia, 

and the status and placement of the genus 

are somewhat obscure. 

Apart from the two hairlines in the fore- 

wing, Te/eopterus has the following diag- 
nostic characters: a vertical furrow from the 

occipital margin to the foramen magnum 

(Fig. 4) and subtorular grooves (sg, Fig. 3). 

An occipital furrow is also found in Ase- 

codes Forster, and the subtorular grooves in 

Asecodes and in some species of Chryso- 

charis Forster (those formerly in Zaom- 

momyia Girault). The occipital furrow and 

the subtorular grooves are both apomor- 

phies and it is possible that further studies 

will show that Te/eopterus and Asecodes 

must be merged in order to demonstrate 

monophyly instead of paraphyly. 

Species of Teleopterus and Desmatocharis 

are very similar to one another, the only 

difference being the laminar projection on 

the ventral part of the scape in Desmato- 

charis. In other derived character states, 1.e. 

the character states mentioned in the dis- 

cussion below, Teleopterus and Desmato- 

charis are identical. The shape of the scape 

a+ 

1-3, Head, front view: 1, Chrysonotomyia auripunctata (Ashmead), ?. 2, Ditto, 4. 3, Teleopterus 

erxias (Walker), 4 (sg = subtorular groove). 4, 7. erxias, head, showing occiput, caudal view. 5, T. politus 

Hansson, new species, 4, head, including antenna, lateral view. 6-11, Antennae: 6, T. politus, °. 7, T. erxias, °. 

8, Ditto, 4. 9, T. turcicus (Nees), 2. 10, C. auripunctata, 2. 11, Ditto, 6. 12, C. auripunctata, 2, mesosoma, dorsal 

view. 13, 14, Forewings: 13, 7. delucchii Boucek (fig. from Delucchi 1958). 14, C. auripunctata, ? (LW = length 

of wing, WW = width of wing). 15, 16, Scales: 15, 0.5 mm (Figs. 12, 14). 16, 0.5 mm (remaining Figs., except 

13). 
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is the only character state by which one can 

separate the two genera. However, the shape 

of the scape is subject to variation in the 

related genus Closterocerus Westwood 
(Hansson 1994) making it difficult to justify 
Teleopterus and Desmatocharis as two sep- 

arate genera. I therefore synonymize Des- 

matocharis with Teleopterus. The two Pa- 

learctic species Desmatocharis turcica (Nees) 

and D. reticulata Kamijo are both trans- 

ferred to Teleopterus. 
The character state when males have ver- 

ticillate setae on flagellar segments, i.e. with 

setae confined to a basal whorl on each seg- 

ment, is in my opinion of little value in the 

search for the limits of a genus. This state 

is definitely derived, but in some genera of 

Entedoninae it is present only in some spe- 

cies, e.g. Teleopterus, Omphale Haliday, 
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‘» © C. auripunctata 
V T. erxias 

Q . T. polis 

See TEAS 

Distribution map for Te/eopterus erxias (Walker), T. politus Hansson, new species, and Chrysono- 

tomyia auripunctata (Ashmead), in the Nearctic region. 

Chrysocharis Forster. The scattered distri- 

bution of this character state thus makes it 

unsuitable in defining genera, and probably 

also in defining higher taxonomic catego- 

ries. 

Genus Chrysonotomyia Ashmead 

Chrysonotomyia Ashmead, 1904: 344. Type 

species: Eulophus auripunctatus Ash- 

mead, 1894: 166, by original designation. 

Diagnosis.—Clypeus well delimited; oc- 
ciput without vertical furrow or weak fold 

between occipital margin and foramen mag- 

num: midlobe of mesoscutum with one pair 

of setae; axillae well advanced (Fig. 12): 
forewing with two hairlines radiating from 

stigmal vein, and with radial cell bare (Fig. 

14); petiole transverse, gaster broadly at- 

tached to propodeum. 
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Biology—host associations. —Chrysono- 

tomyia auripunctata has been reared from 

gallmidges (Table 1). 
Distribution. —Nearctic and Neotropical 

regions. 

Chrysonotomyia auripunctata 

(Ashmead) 

Bigs) 1 2eelOe Wie 12s 4517 

Eulophus auripunctatus Ashmead, 1894: 

166. 
Chrysonotomyia auripunctata (Ashmead), 

Ashmead 1904: 344. 
Achrysocharella pulchrella Girault, 1917: 

94-95, syn. Yoshimoto 1978: 718. 

Achrysocharis diplosidis Kerrich, 1974: 630- 
631, syn. Boucek 1977: 6 (as diopsidis, 

probably a misspelling). 

Type localities: West Indies, St Vincent 
(auripunctata), U.S.A., District of Colum- 

bia (pulchrella), Brazil, Belém (diplosidis). 

Diagnosis.— Partly (female) or predomi- 
nantly (male) metallic; frons and vertex with 

weak reticulation (vertex behind ocelli 

smooth and shiny in male); male with scat- 

tered setae on flagellar segments; first gastral 

tergite without lateral edges in female. 

Description. —Color. Female: Scape pale, 

apex of scape and remaining antenna in- 

fuscate. Frons and vertex pale yellow, frons 

with weak metallic tinges, setae on vertex 
dark. Pronotum pale yellow with a narrow 

metallic bluish-green band along hind mar- 

gin. Remaining mesosoma pale yellow, an- 

terior ‘4 to '2 of midlobe of mesoscutum 
metallic bluish-green—very occasionally 
entire mesoscutum metallic (and then also 

with median scutellum metallic) setae dark. 

Legs pale yellow. Wings hyaline. Gaster pale 
yellow, except predominantly metallic pur- 

plish-green first tergite, and with 3-4 nar- 

row, dark, transverse bands behind Ist ter- 

gite; apical parts of ovipositor sheaths dark. 

Male: Frons golden-green, except pale areas 

around mouth and toruli. Vertex metallic 

purple with green tinges. Mesosoma golden- 

purple. Coxae dark and metallic; remaining 
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Table 1. Host records. 

Chrysonotomyia auripunctata (Ashmead): 

Ctenodactylomyia watsoni (Dipt., Cecidomyiidae) 

(Burks 1979); Hyperdiplosis eupatorii (Dipt., Ce- 

cidomyiidae) (Kerrich 1974). From leafgall of 

Coccoloba uvifera (Polygonaceae) (Burks 1979); 

from leafgalls of Avicennia sp. (Rhizophoraceae) 

(Bouéek 1977, as Courida sp.); from gall on Pi- 

thecellobium (Fabaceae) (Burks 1979). 

Teleopterus delucchii Bouéek: 

Eggs of Caliroa cerasi (Hym., Tenthredinidae) 

(Bouéek 1969). Phyllonorycter messaniella (Lep., 

Gracillariidae) (Delucchi 1958); Stigmella malel- 

la (Lep., Nepticulidae) (Bouéek 1969). Primary 

parasitoid. 

Teleopterus erxias (Walker): 

Cassida nebulosa (Col., Chrysomelidae) (Szelényi 

1964). Liriomyza sp.? (Dipt. Agromyzidae) (Er- 

dés 1955). Eggs of Hemichroa crocea (Hym., 

Tenthredinidae) (new record); Heterarthrus och- 

ropodus (Hym., Tenthredinidae) (Arru 1963); 

Holcotetrastichus rhosaces (Hym., Eulophidae) 

(Szelényi 1964). Lyonetia clerckella (Lep., Ly- 

onetiidae)) (Ferriére 1952). Primary and second- 

ary parasitoid. 

Teleopterus reticulatus (Kamijo): 

Rhamphus oxyacanthae (Col., Curculionidae) (new 

record). Primary parasitoid. 

Teleopterus turcicus (Nees): 

Leucospilapteryx omissella (Lep., Gracillariidae) 

(Kamyo 1986); Lyonetia sp. (Lep., Lyonetiidae) 

(Kamyo 1986). Primary parasitoid. 

parts of legs infuscate, femora darkest. Gas- 

ter golden-red with a large pale subbasal 
spot. Otherwise as in female. 

Length of body: 2° = 1.3-1.8 mm; é = 
0.8-1.1 mm. 

Head.— Antennae as in Figs. 10, 11. Eyes 

large in both sexes (Figs. 1, 2), HE/MS/WM 
9: 6.2/1.0/3.8, 6: 5.3/1.0/3.6. Frons and ver- 

tex with weak and very small-meshed re- 

ticulation, male with vertex behind ocelli 
smooth and shiny. Scrobal grooves join on 

horizontal line. Occipital margin with a 

smoothly rounded edge. POL/POO = 2.9; 

WH/WT ¢ = 1.1, 6 = 1.4. 

Mesosoma.—Pronotum in female large 

and well visible in dorsal view, male pro- 
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notum small, hardly visible from above. 

Mesoscutum 1.9 x as wide as long, midlobe 

with very strong reticulation, sidelobes and 

scutellum with weaker reticulation; male 
with fine and weak reticulation on thoracic 

dorsum. Scutellum semicircular, as long as 
wide, slightly flattened. Dorsellum hidden 

under scutellum. Propodeum 5.0 x as wide 

as long (width measured between spiracles), 

short medially, 0.2 x as long as scutellum, 
smooth. Propodeal callus with two setae. 

Coxae with weak reticulation. Forewing 

rounded at apex (Fig. 14), with narrow cos- 

tal cell and with speculum open or closed 

below; LP/LS = 0.3; LW/LM/WW: 1.8/1.0/ 
Ele 
Metasoma.—Petiole transverse, very 

short, raised surface consisting of a very 

short but wide strip. Female gaster long and 

pointed; MM/LG ¢ = 0.5-0.7, ¢ = 0.7-0.8. 
Material examined.— Type material: Ho- 

lotype 2 of Eulophus auripunctatus (USNM 

No. 2452), holotype 2 of Achrysocharella 

pulchrella (USNM No. 20438), holotype 
of Achrysocharis diplosidis (BMNH No. 
5.2391). Additional material (in BMNH, 

CNC, USNM): USA: Florida: 12 2 4 4; Big 
Pine Key; Sugarloaf Key; Cudjoe Key; No- 

name Key; Everglades N.P.; Key Largo; 

Palm Beach; Chekkika State Rec. Area; 
23.11-6.vi, 5.vili-19.xi. COSTA RICA: | 2; 
Puntarenas, Manuel Antonio N.P.; 23-28, 
vil. PANAMA: 1 9: Barro Colorado Isl.; 

26.xi-2.x11. TRINIDAD: 2 6; Arima Valley: 
ix. BRAZIL: 1 4; Belém; iv. Distribution in 

the Nearctic region cf. Fig. 17. 

Genus Teleopterus Silvestri 

Teleopterus Silvestri, 1914: 211-213. Type 

species: 7. notandus Silvestri, 1914: 211- 

213, by original designation. 

Metasecodes Erdés, 1955: 297. Type spe- 

cies: M. bicolor Erdés, 1955: 297, by orig- 

inal designation. Syn. Viggiani 1967: 139. 

Desmatocharis Graham, 1959: 198. Type 

species: Eulophus turcicus Nees, 1834: 

155-156, by original designation. Syn. n. 
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Diagnosis. — With subtorular grooves (Fig. 
3); occiput with a vertical furrow between 

occipital margin and foramen magnum (Fig. 
4); forewing with two hairlines radiating 
from stigmal vein, and with radial cell bare 

(as in Fig. 14). 

Biology—host associations.—Species of 

Teleopterus appear to be polyphagous (Ta- 

ble 1). Hosts are known for five of the six 

species. I have reared Teleopterus reticula- 

tus from Rhamphus oxyacanthae (Col., 

Curculionidae) in Sweden. This is the first 

European record of 7. reticulatus, and the 

first host record for this species. 

Distribution.—Species belonging to Te- 

leopterus are known from all zoogeograph- 

ical regions. 

KEY TO THE SPECIES OF 7ELEOPTERUS 

(2, 6) IN THE HOLARCTIC REGION 

Scape enlarged in lateral view (Figs. 5, 6,9) 2 

Scape narrow (Figs. 7, 8) . ne SR 4 

Malar space about as wide as s height Crane ae 

temples large (Fig. 5); forewing hyaline; last 

tergite of female about 10x as long as wide 

(Nearcticispecies) ea. aeeme ce ner: politus sp. n. 

— Malar space at most 3 the height of an eye, 

temples small; forewing with a dark band me- 

dially below marginal vein; last tergite in fe- 

male wider than long ........... 3 

3. Petiole large, quadratic o or rectangular poste: 

rior part of scutellum smooth and shiny, an- 

terior part with very strong reticulation ..... 

Fe oc thaasiate turcicus (Nees) 

— Petiole areeenit only as a narrow strip, Le. 

strongly transverse; entire scutellum with very 

strong reticulation .......... reticulatus (Kamijo) 

4. Forewing with three hairlines radiating from 

stigmal vein, and with a long marginal fringe 

(Fig. 13); flagellar segments in male with scat- 

tercdisetaG. een. cents eee delucchii Boucek 

— Forewing with two hairlines radiating from 

stigmal vein (as in Fig. 14), and with shorter 

marginal fringe; flagellar segments in male with 
setae confined to basal whorls on each segment 

(ER IGES) Frceetenecios © carerarpeaioe ae erxias (Walker) 

oles 

Teleopterus politus Hansson, 

New SPECIES 

Figs;.5,.6; 17 

Diagnosis. —Scape enlarged in both sexes 
(Figs. 5, 6); pedicel elongate—2 as long as 
wide; setae on flagellar segments in male 
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scattered and not confined to a basal whorl: 

eyes small, malar space and temples large 

(HE/MS/WM 2: 1.4/1.0/1.4, 6: 1.5/1.0/1.9); 
thoracic dorsum shiny, mesoscutum with 

very weak reticulation, scutellum smooth 

with very weak reticulation laterally; fore- 

wing with short marginal fringe; last tergite 
in female very long—about 10 as long as 

wide. 

Description. — Color. Entire antenna dark. 

Frons and vertex golden-green. Pronotum 

bluish-purple. Mesoscutum golden-green, 

notaular depressions and hind part of mid- 

lobe of mesoscutum with purple tinges. Scu- 

tellum golden-green with purple tinges. Ax- 

illae purple. Propodeum golden-blue or 

golden-green. Coxae dark and metallic, re- 

maining parts of legs dark brown except pale 

tarsal segments 1-3 of mid and hind legs. 

Wings hyaline, veins yellowish-brown. Gas- 

ter dark with metallic tinges of gold, green 

and blue. 

Length of body: ° = 2.1-2.6 mm (in- 
cluding elongate last tergite); 6 = 1.3 mm. 

Head.—Antennae as in Figs. 5, 6. HE/ 

MS/WM °: 1.4/1.0/1.4, 6: 1.5/1.0/1.9. Frons 

smooth. Vertex with very weak reticulation 

inside ocellar triangle, otherwise smooth. 

Scrobal grooves join on horizontal line. Oc- 

cipital margin with a smoothly rounded 
edge. POL/POO = 3.9; WH/WT = 1.0. 
Mesosoma.—Pronotum small in dorsal 

view. Mesoscutum 1.9 as wide as long, 

with very weak reticulation, meshes small; 

notaular depressions distinct only in ante- 

rior “4. Scutellum only slightly longer than 

wide, smooth with very weak reticulation 

laterally, axillae smooth. Dorsellum very 

short with only a very narrow strip visible 
in dorsal view, smooth. Propodeum short 

medially, only 0.2< as long as length of 
scutellum, and 4.3 x as wide as long (width 

measured between spiracles), smooth. Pro- 

podeal callus with two setae. Coxae with 

weak reticulation. Forewing rounded at 

apex, with narrow costal cell and with spec- 

ulum closed below; LP/LS = 1.0; LW/LM/ 

WW: 1.9/1.0/1.0. 
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Metasoma.—Petiole very small, raised 
surface consisting of a very narrow strip. 

Female gaster elongate, with a very long last 

tergite—about 10x as long as wide; MM/ 
LG 2 = 0.3-0.4, 6 = 0.7. 
Type material.—Holotype @ labelled: 

“USA: MD, Prince Georges Co., Laurel, 2 
mi. S, 1-12.vii.1986, M.E. Schauff’ 

(USNM). Paratypes: | 2 “USA: VA, Essex 

Co., 1 mi. SE Dunnsville, 12—24.vi.1992, 
MT, D.R. Smith” (USNM); 1 2 “USA: VA, 
Fairfax Co., nr Annandale, 28.vi4.vii.1987, 
MT, D.R. Smith” (LUZM); 1 ¢ “CAN: Ont., 
Ottawa, 10-17.vii.1979, L. Masner” (CNC); 

1 6 labelled: ““USA: WV, Pocahontas Co., 

Falls of Hills Creek, Monongahela Forest, 
24.vu1.1983, L. Huggert’” (LUZM). Distri- 

bution cf. Fig. 17. 

Teleopterus erxias (Walker) 

Figs. 3, 7, 8, 17 

Entedon erxias Walker, 1848: 227. 

Omphale scutellatus Ferriére, 1952: 34, syn. 
Boucek 1974: 123. 

Metasecodes bicolor Erdés 1955: 297, syn. 

Graham in Boucek and Askew 1968: 129. 
Metasecodes erxias (Walker), Graham 1959: 

199. 

Teleopterus erxias (Walker), Viggiani 1967: 

140. 

Type localities: England (erxias); Vex, 

Switzerland (scutellatus), Hungary (bicolor). 

Diagnosis.—Scape not swollen (Figs. 7, 

8); pedicel stout—1.5 x as long as wide; se- 

tae on flagellar segments in male confined 

to a basal whorl; eyes larger and malar space 

smaller than in politus (HE/MS/WM 9: 3.6/ 

1.0/1.7, 4: 2.8/1.0/1.8); thoracic dorsum re- 

ticulate with posterior third of scutellum 

smooth and shiny; last tergite in female 

short—about 0.4 as long as wide. 

Description.—Color. Scape infuscate, 
darker at apex, remaining antenna dark. 

Head, excluding eyes, golden-green. Scutel- 

lum golden-green except purple base, re- 

maining mesosoma purple. Coxae dark and 

metallic, remaining parts of legs dark except 
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apex of tibiae and basal three segments on 
all tarsi, which are pale. Wings hyaline. First 

gastral tergite golden-blue, remaining ter- 

gites dark with a weak purplish tinge. 
Length of body: 2 = 0.9-1.3 mm; ¢ = 

0.7-0.9 mm. 
Head.—Antennae as in Figs. 7, 8. HE/ 

MS/WM 2: 3.6/1.0/1.7, 6: 2.8/1.0/1.8. Frons 
and vertex with weak reticulation. Scrobal 
grooves join on horizontal line. Occipital 

margin with a smoothly rounded edge. POL/ 

POO = 3.0; WH/WT = 1.1. 
Mesosoma.—Pronotum small, hardly 

visible from above. Mesoscutum 1.9 x as 

wide as long, with weak reticulation, meshes 

small; notaular depressions distinct 

throughout. Scutellum slightly wider than 

long—quotient length/width = 0.9—ante- 

rior 73 reticulate, posterior ’3 smooth and 

shiny. Dorsellum very short with only a nar- 

row strip visible in dorsal view, smooth. 

Propodeum 6.4 as wide as long (width 

measured between spiracles), smooth. Pro- 

podeal callus with two setae. Coxae with 

weak reticulation. Forewing rounded at 

apex, with narrow costal cell and with spec- 

ulum closed below; LP/LS = 0.5; LW/LM/ 

WW: 1.7/0.9/1.0. 

Metasoma.—Petiole very small, raised 

surface consisting of a very narrow strip. 
Gaster elongate to ovate in female; MM/ 

LG 2 = 0.6-0.7 in European specimens, 0.8- 

0.9 in American specimens, ¢= |.1—1.3 (Eu- 

rope + America). 

Material examined: CANADA: British 
Columbia: 2 2 5 4; Vancouver; ex eggs of 

Hemichroa crocea; July. USA: South Car- 

olina: 1 2 1 4; Pendleton; Harleyville; 29. viti- 
2.ix, 21.ix—14.xi. All specimens in CNC. 

Distribution cf. Fig. 17. 

Remarks.—American and European 

specimens of erxias are very similar to one 

another. The only difference I can find is 

that American females have a shorter gaster 

(MM/LG = 0.8-0.9) than European females 

(MM/LG = 0.6-0.7). However, since the 

difference is not significant, and the length 
of gaster is variable in some other entedon- 
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tines, I do not give this character much 
weight. 
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THE NEOTROPICAL STELIS-LIKE CLEPTOPARASITIC BEES 
(HYMENOPTERA: MEGACHILIDAE) 
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Abstract.—The South American cleptoparasitic Ste/is-like bees are not closely related 

to Stelis; they were derived independently from nest-making anthidiine bees similar to 

Hypanthidiodes. They are here placed in the genus Hoplostelis, which has two subgenera. 

One, Austrostelis n. subg. (type species: Stelis aliena Cockerell), contains small, rather 

slender forms resembling Hypanthidiodes and its relatives. They probably parasitize such 
Anthidiini. The other, Hoplostelis s. str. (= Odontostelis), contains larger, more robust 

species that parasitize Euglossa. 

Key Words: 

tropics 

Cleptoparasitic bees, dependent on pro- 

visions in nest cells of host bees for their 
larval food, are known in various bee fam- 

ilies. Aside from the large cleptoparasitic 

lineage Nomadinae in the Apidae (sense of 

Michener 1944, 1954, Roig-Alsina and 

Michener 1993), most parasitic bees are de- 

pendent upon hosts related to themselves. 

Thus most species of Coelioxys Latreille are 

parasitic on the related genus Megachile La- 

treille and Sphecodes Latreille on related 

Halictidae. The present paper concerns a 

recently recognized Neotropical cleptopar- 

asitic lineage that is usually incorrectly at- 

tributed to Ste/is Panzer. Like Stelis, it is in 
the megachilid tribe Anthiduini. 

In the tribe Anthidiini there exist various 

cleptoparasitic taxa; because of the lack of 

behavioral data some of them are recog- 

nized as such only because females lack a 

pollen-carrying scopa. Most belong to the 

genus Stelis. Its characteristic features in- 

clude the fore and mid tibiae, each of which 
has two spines or angles on the outer apical 

Hymenoptera, Megachilidae, Anthidiini, Hoplostelis, cleptoparasites, Neo- 

margin (Fig. 1), and the male gonostylus, 

which has a slender base and an expanded, 

squarish distal part directed mesad at an 

angle to the basal part, with a strong angle 

projecting laterad on the outer margin at the 

base of the expanded region (see illustra- 

tions of Popov 1938 and Mitchell 1962). 

The closest nonparasitic relative of Stelis is 

not certain. Pasteels (1968, 1969) consid- 

ered it to be Bathanthidium Mavromous- 

takis, a small genus of the eastern palearctic 

and oriental regions, because of the large 

and medially divided scutoscutellar fovea 

and the small median apical comb on S4 of 

the male, features also found in at least some 
species of Ste/is. In the characters of tibiae 

and male genitalia listed above, Bathanthid- 
ium does not agree with Stel/is. 

The suggestion has been made that Pro- 

tostelis Friese, a parasite of Trachusa Pan- 

zer, might be derived from Trachusa-like 

bees. However, Protostelis does not have the 

reflexed male T7 of Trachusa, and does have 

tibial spines and genitalic characters like 
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Stelis. Protostelis seems to be clearly a mem- 
ber of the Ste/is lineage, and we regard Pro- 

tostelis as a subgenus of Stelis. Dolichostelis 
Parker and Bohart, which Parker and Bo- 

hart (1979) considered related to the group 

now called Hoplostelis Dominique, is also 

a member of the Ste/is group as shown by 
the tibial and genitalic characters listed 

above as well as by other characters. 

There exist a few other anthidiine taxa 

with two apical spines or angles on at least 

the middle tibia. These include Euaspis 

Gerstaecker (another cleptoparasitic genus), 
Plesianthidium Cameron, Spinanthidium 
Mavromoustakis, most species of Pachyan- 

thidium Friese and Rhodanthidium Isensee, 
and certain species of Eoanthidium Popov, 
e.g. E. turnericum (Mavromoustakis). None 

of these seems to be closely related to Stelis. 
Stelis is a primarily Holarctic genus; there 

are morphologically unusual probable de- 

rivatives in Africa and southeast Asia. The 

related Dolichostelis is largely North Amer- 

ican but ranges south to Costa Rica. 
As noted by Griswold and Michener 

(1988), various South American species 

have been attributed to Stelis, and superfi- 

cially resemble yellow and black species of 
that genus and especially Dolichostelis. This 
South American group and Stelis are, how- 

ever, independently derived from different 

nest-making anthidiines. Large South 
American species that parasitize the apid 

genus Evglossa Latreille long ago received 

a genus-group name (Hoplostelis). The 

smaller species lack such a name. They are 

so different from Hop/lostelis that they might 
well have been given generic status, but we 

prefer to show their relationship by consid- 
ering them to be a subgenus of Hoplostelis. 

In the following description, the abbre- 

viations T1, T2, S1, etc., represent the first, 
second, etc., metasomal tergum or sternum. 
The juxtantennal carina is the longitudinal 

carina immediately mesad of the antennal 
base and often partly overlapping it; the 
terms interantennal or interalveolar carina 

are not used because they imply a carina 
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Figs, 1, 2: 

female, anterior margin uppermost. 1, Stelis montana 

Outer surface of apex of middle tibia of 

Cresson. 2, Hoplostelis (Austrostelis) near iheringi 

(Schrottky) from Nova Teutonia, Santa Catarina, Bra- 

zil. 

extending from one antennal base to the 

other. The omalus is the angle on which the 

anterior surface of the mesepisternum meets 

the lateral surface. 

Genus Hoplostelis Dominique 

Hoplostelis s. str. (or its synonym, Odon- 

tostelis Cockerell) has been recognized as a 

distinctive form, often at the genus level, 
for many years. Various other neotropical 

bees, here placed in the subgenus Austro- 

stelis of Hoplostelis, have been described in 

the genus Ste/is because they are anthi- 
diines, less distinctive than Hoplostelis s. 

str., that lack a scopa in the female and are 

therefore presumably cleptoparasites. They 

resemble Stelis and some other cleptopar- 

asitic anthidiines not only in overall ap- 

pearance but in some details. Thus T6 in 

the female has transverse rugulae as in Dol- 

ichostelis and Afrostelis Cockerell, and a 

strong preapical carina as in those genera 
and some subgenera of Ste/is such as Pro- 

tostelis, Pseudostelis Popov, and Stelido- 

morpha Morawitz. Hoplostelis s. 1. differs 
from these taxa, however, in having only 

one apical spine on each front and middle 

tibia (Fig. 2). Moreover, in Hoplostelis the 

male gonostyli lack the characteristic an- 

gulate form found in Stelis, and the man- 

dible of the female has four teeth rather than 

three. Hoplostelis is most closely related to 
the nest-making genus Hypanthidiodes 

Moure in a broad sense, including such ge- 

nus-group taxa as Anthidulum Michener, 
Ctenanthidium Urban, Dichanthidium 



676 

Moure, and Saranthidium Moure and Hurd. 

Among other common characters, both 

Hoplostelis and Hypanthidiodes s. |. have 

strong juxtantennal carinae, lack the preoc- 
cipital carina, have an omalar carina on the 

upper half of the mesepisternum and lateral 

teeth on S5 and usually S6 of the male. The 

presence of arolia in both sexes of Hoplo- 

stelis s. 1. suggests Dichanthidium and Cten- 

anthidium. The small and simple or weakly 
bilobed T7 of the male of Hop/ostelis is more 
similar to the more deeply bilobed T7 of 

Ctenanthidium, Dichanthidium, and Sar- 

anthidium than to that of other allies of Hy- 

panthidiodes. The male does not have a 

comb on S5 as does Saranthidium nor on 

S3 as does Ctenanthidium. Thus Hoplostelis 

is not readily associated with any one taxon 

of Hypanthidiodes s. |. 

KEY TO THE SUBGENERA OF 

HOPLOSTELIS 

1. Tl with strong transverse carina margining 

basal declivity; Tl and T2 exceedingly finely 

and densely punctate middorsally; body some- 

what elongate, metasoma cylindrical; mandi- 

ble with basoventral pit (accentuated part of 

basal depressed zone) and in female with ba- 

sodorsal protuberance; mandible of female with 

third and fourth teeth shifted basad, fourth (up- 

permost) tooth nearer to base of mandible than 

to apex, or absent, distal half of mandible only 

half as wide as base; S6 of male with raised 

V-shaped ridge apically . Hoplostelis s. str. 

— Tl without transverse carina margining basal 

declivity, although distinctly angulate; T1 and 

T2 coarsely to rather finely, but not densely, 

punctate; body robust, metasoma almost glo- 

bose; mandible without basoventral pit or ba- 

sodorsal protuberance; mandible of female un- 

modified, with intervals between four teeth 

roughly equal; S6 of male without raised area 

... Austrostelis 

Austrostelis NEw SUBGENUS 

Type species.—Stelis aliena Cockerell, 
1919. 

This subgenus contains species of the size 

(5.5-8.5 mm long), shape, and coloration of 

Hypanthidiodes and its relatives such as An- 

thidulum, Ctenanthidium, Gnathanthidium 
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Urban,! and Saranthidium. Major charac- 

ters are as follows: Mandible of female 

4-toothed, apical width approximately equal 

to basal width, without protuberance; jux- 

tantennal carina strong; clypeus truncate, 

margin sometimes denticulate; preoccipital 

carina absent. Pronotal lobe with strong ca- 

rina; omalus sharp, upper part rather weakly 

carinate; scutoscutellar suture deeply fove- 

ate, floor of the two foveae (sometimes com- 

pletely fused) smooth, shining, horizontal; 

scutellum not produced over metanotum, 

not carinate, a distinct notch between scutel- 

lum and axilla as seen from above; propo- 

deum with well-defined large fovea behind 

spiracle and subhorizontal row of well-de- 

fined pits across base, as in Dolichostelis. 

Front and middle tibiae each with one api- 

cal spine; female with posterior part of apex 

of hind tibia with outer margin flared as 

small, rounded, flat projection; arolia pres- 

ent in both sexes. Metasomal terga and ster- 

na about as coarsely punctate as thorax. T1 

with strong line but no carina delimiting 

basal concavity. T6 of female broadly trun- 

cate, rounded laterally, margin of trunca- 

tion reflexed; S6 strongly curved upward at 

apex and slightly exceeding T6. T7 of male 

rather small, rounded or weakly bilobed. 

Sterna of male little modified, S4 and S5 
with fringes of long hair, S6 with surface 
hairy, without apical raised area, S5 and S6 
each with small lateral tooth. 

The flat projection at the apex of the hind 

tibia of the female is not found in Hop/ostel- 

is s. Str. or related genera and is probably a 

derived character for Austrostelis, although 
most of its characters are plesiomorphic rel- 

ative to Hoplostelis s. str. 
Austrostelis ranges from Buenos Aires and 

La Rioja provinces, Argentina, and Bolivia 

north through Brazil to western Colombia 

' This is the South American Gnathanthidium Ur- 

ban (1992), not the African Gnathanthidium Pasteels 

(1969). Urban will propose a new name for the junior 

homonym. 
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(Valle Province) and Mexico (San Luis Po- 

tosi). All the named species known to us are 

South American. Eight species were listed 

by Griswold and Michener (1988), who rec- 

ognized the group but did not name it. The 
species are Hoplostelis aliena (Cockerell 

1919), argentina (Friese 1925), bonaventura 

(Friese 1925), flava (Friese 1925), iheringi 

(Schrottky 1910), ‘heringi (Friese 1925, per- 

haps a synonym as well as homonym of 

iheringi Schrottky), nuda (Schrottky 1909), 
zebrata (Schrottky 1905). 

Hosts are unknown but cannot all be eu- 

glossine bees, the only known hosts for Hop- 

lostelis s. str., since Austrostelis occurs far 
outside the range of Euglossini, especially 
in xeric areas of Argentina. It is very prob- 

able that Austrostelis parasitizes related An- 

thidiini. A long series of Hoplostelis (Aus- 

trostelis) near theringi (Schrottky) from Nova 
Teutonia, Santa Catarina, Brazil was col- 

lected by Fritz Plaumann apparently in as- 

sociation with similar-looking Gnathan- 

thidium sakagamii Urban and species of 
Saranthidium and Anthidulum, all mem- 

bers of the Hypanthidiodes s. |. group. 

Subgenus Hoplostelis 

Dominique s. str. 

Hoplostelis Dominique, 1898: 60. No valid 

included species. Type species: Ste/is ab- 

normis Friese, 1925 = Anthidium bivit- 

tatum Cresson, 1878, by inclusion and 

designation of Griswold and Michener, 

1988: 36. 
Odontostelis Cockerell, 1931: 542. Type 

species: Stelis abnormis Friese, 1925 = 

Anthidium bivittatum Cresson, 1878, by 

original designation. 

This subgenus includes relatively large (8- 

11 mm long), robust species having the spe- 

cial features indicated in the key as well as 

fine punctation of the metasoma compared 

to the subgenus Austrostelis. Unlike Aus- 

trostelis, T1 and T2 are usually black; the 
yellow of the remaining, smaller terga con- 

trasts sharply with the black metasomal base. 
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Hoplostelis s. str. occurs from Bolivia and 
Santa Catarina, Brazil, north through the 

tropics as far as Jalisco, Mexico. There are 

two or three species. So far as known they 

parasitize euglossine bees (Bennett 1966), a 

most unusual host for a parasitic megachi- 

lid. 
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NEW SPECIES AND NEW RECORDS OF 
KOREAN ARADIDAE (HETEROPTERA) 
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St. Petersburg 199034, Russia. 

Abstract.—Two new species, Neuroctenus koreanus and Acoryphocoris chujoi, are de- 

scribed. 10 species are recorded from Korea for the first time and two excluded from the 

faunal list. A revised list of Korean Aradidae is given. 

Key Words: 

Only 10 species of Aradidae were record- 
ed from Korea before this study, most of 
them from North Korea (Lee and Kwon 

1991). Examination of specimens collected 

in South Korea raised this number to 20, 

with 2 species excluded from the faunal list. 

The following abbreviations are used for 

collections in Korea, in which the examined 
material is kept (curators are indicated in 

parentheses: ASI—Department of Ento- 

mology, Agricultural Sciences Institute, Ru- 

ral Development Administration, Suwon 

(Dr. S. B. Ahn); CL—collection of Prof. C. 

E. Lee, Taegu; GNU—Department of Bi- 

ology, Gyeonsang National University, 
Chinju (Prof. J. S. Park); EWUB— Depart- 

ment of Biology, Ewha Womans Univer- 
sity, Seoul (Prof. B. J. Rho); EWUM-—Nat- 

ural History Museum, same University 

(Prof. I. R. Lee); KNU— Department of Ag- 

ricultural Biology, Kangwon National Uni- 

versity, Chunchon (Prof. K. T. Park); 

KPNU—Department of Agricultural Biol- 
ogy, Kyungpook National University, Tae- 

gu (Prof. Y. J. Kwon); KPNUB—Depart- 

ment of Biology, the same university (Prof. 
H. C. Park); SNUS—College of Agriculture 

and Life Sciences, Seoul National Univer- 

sity, Suwon (Prof. K. S. Woo); TU—De- 

Heteroptera, Aradidae, new species, new records, Korea 

partment of Biology, Taejon University 

(Prof. S. H. Nam). 

Subfamily ARADINAE 

Aradus compar Kiritshenko, 1913 

Aradus orientalis (non Bergroth 1885): Lee 

and Kwon 1991: 40. 

Specimens examined.—KANGWON- 

DO: Mt. Seolaksan. 2.VII.1984, Y. J. Kwon, 
1 female (KPNU). CHOLLANAMDO: 

Tam-ri, Whagae Myeon, 17.VII.1991, M. 

T. Chujo, | female (CL). KYONGSANG- 
NAMDO: Samnam Myeon, 24.V.1980, Y. 

J. Kwon, | male (KPNU). 

Distribution.—Korea (North; new rec- 
ord: Central, South), Russia (Primorsk 

Terr.), China (Shanxi, Gansu, Hubei). 

Note.—The species was misidentified as 

A. orientalis Bergroth by Lee and Kwon 

(1991), the latter should be excluded from 
the list of Korean Heteroptera. 

Aradus hieroglyphicus 

J. Sahlberg, 1878 

Specimen examined.—K YONGSANG- 

NAMDO: Yungnam University, near Tae- 
gu, 13.VI.1985, S. K. Jeon, 1 female 

(KPNUB). 
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Distribution.—Korea (North; new rec- 

ord: South), Russia (Siberia and Far East), 

Kazakhstan, E. Kirgizia, NE China, Japan 
(Honshu). 

Aradus lugubris Fallén, 1807 

Specimen examined.—KYONGGIDO: 

Mt. Obong, 10.V.1985, M. M. Lee, | male 
(ASI). 

Distribution.—Korea (North; new rec- 

ord: Central), Palearctic and Nearctic 

Regions. 

Aradus pictellus Kerzhner, 1972 

Specimen examined.—KANGWONDO: 

Mt. Seolaksan, 28.VI.1982, Y. J. Kwon, 1 

female (KPNU). 

Distribution.— Korea (new record: Cen- 

tral), Russia (Primorsk Terr., Kuril Is.). 

Aradus signaticornis 

R. F. Sahlberg, 1848 

Specimen examined.—CH’UNGCH’- 

UNGNAMDO: Mt. Gyeryongsan, 22. VI. 

1980, Y. J. Kwon, | female (KPNU). 

Distribution.— Korea (new record: Cen- 

tral), Russia (north of European part, Si- 

beria, Magadan Prov., Khabarovsk Terr.), 

North Europe, Canada. 

Aradus spinicollis Jakovlev, 1880 

Specimens examined.—KYONGGIDO: 

Kwangneong, 17.V.1992, C. E. Lee, 1 fe- 

male (CL): Mt. Sobaeksan, 10.V.1985, Y. 

J. Kwon, 1 male (KPNU). KANGWON- 

DO: Bougmyong-ri, Chunchongun, 22- 

23.V.1992, M. T. Chujo, 12 males, 1 fe- 

male, | nymph (CL); Kyebangsan, 

31.V.1991, Y. J. Kwon, 1 female (KPNU); 

Mt. Chiak, 9 and 21.V.1972, S. M. Lee, 2 
males (KPNU). CHOLLAPUKTO: Ne- 
long-ri, Samnae Myeon, 13.VII and 

26.1X.1991, M. T. Chujo, 2 males (CL). 

KYONGSANGNAMDO: Hamyangkun, 

Peckjeon Myeon, Mt. Peckwonsan, 

29.TV.1990, collector not indicated, | male 

(GNU); Mt. Jirisan, Samjeong, 29.1X.1991, 
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C. E. Lee, 1 nymph (CL). KYONGSANG- 

PUKTO: Taegu, Kyungpook University, 
29.1V.1989, K. Y. Lee, 1 male (CL); Chong- 

song, Hyungtong, Weolme, 11.X.1992 and 

11-17.1X.1993, C. E. Lee, 10 nymphs (CL). 

Distribution.— Korea (new record: Cen- 

tral, South), Russia (Primorsk Terr.), Japan 

(Tsushima), China (from Heilongjiang to 

Sichuan and Fujiang). 

Aradus transiens Kiritshenko, 1913 

Specimen examined.—KYONGSANG- 

PUKTO: P’algongsan, 17.VII.1990, Y. J. 

Kwon, | female (KPNU). 

Distribution. — Korea (new record: South), 

Russia (southern Far East). 

Aradus ussuriensis Jakovlev, 1876 

Specimen examined.—KYONGSANG- 

NAMDO: Mt. Jirisan, Temple Ssangae, 
29.V.1985, H. C. Park, 1 male (KPNUB). 

Distribution.—Korea (North; new rec- 

ord: South), Russia (Khabarovsk and Pri- 

morsk Territories), China (Heilongjiang, Ji- 

lin). 

Subfamily MEZIRINAE 

Mezira subsetosa 

Josifov and Kerzhner, 1977 

Specimens examined.—KYONGGIDO: 

Kwangneong, Pochongun, 14-19.V.1992, 

M. T. Chujo, | female (CL); same locality, 
17.V.1992, C. E. Lee, 1 female (CL). 

Distribution.— Korea (new record: Cen- 

tral), Russia (Primorsk Terr., Kuril Is.), Ja- 

pan (Honshu, Kyushu). 

Mezira taiwanica Kormilev, 1957 

Specimens examined.—KYONGGIDO: 

Kwangneong, Pochongun, 14-19.V.1992, 

M. T. Chujo, 18 males, 18 females (CL); 

same locality, 16-19.VII.1992, M. T. Chu- 

jo, 5 males, 11 females (CL); same locality, 

16.V.1992, S. Nomura, 7 males, 8 females 

(CL); same locality, 10.VI.1993, S. M. Lee, 
2 females (KPNU). KANGWONDO: 

Chunsung, 8.VII.1990, G. J. Kang and U. 

J. Kim, | female (KNU). 
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Figs. 1, 2. 

and Kerzhner, n. sp., female paratype. 

Distribution.—Korea (Central), Japan 

(Hokkaido, Honshu, Kyushu, Shikoku), 

Taiwan. The species was recorded from 

“Korea” (Lee and Kwon 1991) without in- 

dication of locality. 

Neuroctenus argyraeus Liu, 1981 

(Fig. 3) 

Specimens examined.— kK YONGSANG- 

PUKTO: Chongsong, Hyungtong, Weolme, 

11.X.1992, C. E. Lee, 12 males, 17 females, 

1. Neuroctenus koreanus Lee and Kerzhner, n. sp., male holotype. 2. Acoryphocoris chujoi Lee 

1 exuvium (CL); same locality, 11- 

12.1X.1993, C. E. Lee, 5 males, 4 females 

(CL); Unmunsan, 21.V.1991, Y. J. Kwon, 

1 female (KPNU). KYONGSANGNAM- 

DO: Jirisan Mts, Samjeong, 29.1X.1991,M. 

T. Chujo, | female (CL). 

Distribution. — Korea new record: South), 

China (Hubei). 

Note. —Size variable: length of males 5.0- 
5.8, of females 5.4-6.2 mm. Also the form 

of head apex varies in both sexes: in some 
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Figs. 3-7. 
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3. Neuroctenus argyraeus Liu, apex of female abdomen. 4. N. koreanus Lee and Kerzhner, n. sp., 

the same. 5-7. Acoryphocoris chujoi Lee and Kerzhner, n. sp., abdomen: 5, of female, lateral view; 6, 7, of male, 

dorsal and lateral views. 

specimens the genae are expanded, in some 
not, with all intermediates occurring in a 

series from the same locality. The species 
is easily distinguished by the parallel-sided 

body, short antennae with subtriangular 
segment I, and very short, sometimes nearly 

absent lateral lobes of abdominal segment 

VIII in female (Fig. 3). 

Neuroctenus ater (Jakovlev, 1878) 

Specimen examined.—KYONGGIDO: 

Kwangneung, 3.V.1966, B. J. Rho, | female 

(EWUB). 

Distribution.— Korea (new record: Cen- 

tral), Russia (Primorsk Terr.), Japan (Kyu- 

shu). 

Neuroctenus castaneus (Jakovlev, 1878) 

? Mezira scabrosa (non Scott, 1874): Ta- 

naka, 1937: 724; Tanaka, 1938: 523: Lee, 

1971: 530; Lee and Kwon, 1991: 40. 

Specimens examined.—KYONGGIDO: 

Taesongri, 1.VI.1982, H. K. Kim, | female 
(EWUM); Suweon, 2.VI.1986, S. O. Jom, 

1 male (ASI). KANGWONDO: Gamjong- 

ri, Chunchongun, 21.V.1992, M. T. Chujo, 

3 males (CL); Chuncheongdam, 18.VI.1986, 
K. T. Park, 1 female (KNU). CH’UNG- 

CH’UNGNAMDO: Mt. Shickjangsan, 

S.VelOS8h Ke Joo voon elk smalenGny): 

KYONGSANGPUKTO: Chongsong, 
11.X.1992, GE: Lee, | male; l'female(Cr): 

KYONGSANGNAMDO: Mt. Gajisan, 

21.V.1980, Y. J. Kwon, 1 female (KPNU). 

Distribution.— Korea (new record: Cen- 

tral, South), Russia (Khabarovsk and Pri- 

morsk Territories), China (Jilin to Fujiang). 

Note.—This species looks very similar to 

Mezira scabrosa Scott, and we suppose that 

it was misidentified as M. scabrosa by Ta- 

naka (1937) from the Seoul area. Later rec- 

ords of M. scabrosa from Korea are absent, 
and the species is otherwise known from 

Japan only. We exclude it from the list of 

Korean Heteroptera. 

Neuroctenus koreanus 

Lee and Kerzhner, NEw SPECIES 

(Figs. 1, 4) 

Diagnosis.—Differs from most Asiatic 

species of the genus in having all abdominal 

spiracles ventral, not visible from above, 

and antennal segment I not reaching apex 

of head. Of the three species sharing with 

N. koreanus both characters, N. macer Kir- 

itshenko and N. argyraeus Liu differ in the 

subparallel sides of body and predomi- 

nantly whitish membrane, N. ater (Jakov- 

lev) differs in the larger size (length 8-10.5 

mm), rostral groove closed posteriorly, 



VOLUME 96, NUMBER 4 

hemelytra surpassing hind margin of ter- 
gum VI in female. 

Description. — Body flat, moderately wid- 
ened to hind third of abdomen. Black or 

blackish brown; dorsal side of abdomen dark 
brown; apical half of antennal segment IV 

and paratergites of male abdominal seg- 

ment VIII brownish yellow; tarsi yellow; 

base of membrane whitish grey with central 

part brownish grey. 

Head slightly longer than width across eyes 

(male 1.00 mm: 0.98 mm; female 1.00-1.14 

mm:0.97-1.11 mm), densely granulate; 

anterior process constricted laterally, 

rounded anteriorly, produced far beyond tip 

of antennal segment I; genae not or scarcely 

surpassing clypeus; antenniferous tubercles 

sharp, not reaching apex of head, with di- 

vergent outer margins. Eyes moderately 

large, semiglobose. Postocular tubercles 

acute, reaching or slightly surpassing outer 

borders of eyes. Interocular callosities wide. 

Antennae short; length of segments (I-IV): 

male 0.33, 0.33, 0.39, 0.37 mm; female 

0.33-0.40, 0.33-0.40, 0.40-0.46, 0.40-0.43; 
segment I twice as long as wide, II 2.3—2.5 

times as long as wide, gradually widened 

distad, but narrowed just before apex; III 3 

times as long as wide, widened distad and 
widely cut at apex, IV 3 times as long as 

wide, fusiform, haired at distal half. Ros- 
trum reaching hind border of rostral groove, 

which is open posteriorly. 

Pronotum less than half as long as its 

maximum width (length: male 0.83-0.86, 

female 0.86-0.97 mm, width: male 1.80- 
1.94, female 1.94—2.20 mm). Collar straight 

anteriorly; anterolateral angles slightly ex- 

panded, produced forward as far as collar. 

Lateral notch barely sinuate. Lateral bor- 

ders of hind lobe convex, converging an- 

teriorly and posteriorly. Hind margin dis- 

tinctly sinuate. Fore disc densely granulate, 

with a deep, narrow median sulcus. Hind 

lobe densely granulate, transversely rugose 

latero-posteriorly. 

Scutellum much shorter than its basal 

width (male 1.00 mm: 1.29 mm; female 
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1.00-1.14 mm: 1.29-1.54 mm); lateral bor- 

ders carinate, straight, strongly converging 

at apex; basal third of disc with granules 
and longitudinal ridges; apical two-thirds 

transversely rugose medially and granulate 

laterally. 

Hemelytra reaching middle of tergum VII 

in male and nearly reaching hind margin of 

tergum VI in female. Apical angle of corium 

acute, surpassing hind border of connexival 

segment II; apical border sinuate. Mem- 

brane black, except base; venation distinct, 

veins anastomosing. 

Abdomen slightly widened toward hind 

third. Connexival plates flat, with a faint, 

barely distinct sublateral carina. Suture be- 

tween connexival segments II and III dis- 
tinct, curved backwards. Postero-exterior 

angles of connexival segments not protrud- 

ing. All spiracles ventral, spiracles II-VII 

located mesad of sublateral fold. Sterna [V— 

VI with a distinct transverse carina at base. 

Male genital segment 1.5 times as wide 

as long (0.94 mm: 0.63 mm), with straight, 

convergent lateral margins and broadly 

rounded apex; upper surface basally with a 

flat and sparsely granulate area, delimited 

by an arched row of dense granules; distad 
of this field a small unsculptured triangle 

with very short longitudinal carina; behind 

carina an almost round depression with 

sparsely granulate surface; all the remaining 

surface densely granulate. Lateral lobes 

(paratergites) of segment VIII small, not 

surpassing middle of genital segment, with 

outer margin convex and apical margin 

rounded. 

In female, lateral lobes of segment VIII 

nearly reaching tip of abdomen, segment IX 

(seen from above) transverse, subquadran- 

gular. 

Femora and upper surface of tibiae gran- 

ulate. 

Length: male 6.0-6.4, female 6.4—7.15 
mm, width of abdomen: male 2.3—2.6, fe- 
male 2.6-2.9 mm. 

Holotype: male, Korea, Kyonggido, 
Kwangneung, 22.V.1992, C. E. Lee (CL). 
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Paratypes: 3 females, labelled as holo- 

type (CL and Zoological Institute, St. Pe- 

tersburg); | male, Kyonggido, Kwangyo, 
29:Vi.1990,;-O:S-He: (SNUS)3 15 female; 
Kangwondo, Chuncheon, 6.V.1985, S. S. 
Choi (KNU). 

Neuroctenus talwanicus 

Kormilev, 1955 

Specimen examined.—CHEJUDO: 

San’gumburi, 29.V.1992, Y. J. Kwon, | male 

(KPNU). 

Distribution.—Korea (new record: Che- 

judo), China (Hainan), Taiwan. 

Usingerida verrucigera 

(Bergroth, 1892) 

Specimens examined.—KYONGGIDO: 

Kwangneung, Pochongun, 16-19. VII.1992, 
M. T. Chujo, 11 males, 3 females (CL); In- 

cheon, 20.VI.1992, S.J.H., 2 males, 1 fe- 

male (SNUS); Kwangyo, 2.VI.1992, S. J. 

Park, 1 male, 1 female (SNUS); Joam, 
16.VI.1992, Y.H.J., 1 male (SNUS); Mt. 

Wobang, 3.VI.1990, D. G. Park, 1 female 

(SNUS). CHOLLAPUKTO: Mt. Mayisan, 

11.V.1980, Y. J. Kwon, 1 female (KPNU). 

CHEJUDO: San’gumburi, 28.V.1992, Y. J. 
Kwon, | male (KPNU). 

Distribution.— Korea (new record: Cen- 

tral, South, Chejudo), Russia (Primorsk 

Terr.), Japan (Honshu, Kyushu, Shikoku), 

China (Yunnan), Taiwan. 

Acoryphocoris chujoi 

Lee and Kerzhner, NEw SPECIES 

(Figs. 2, 5-7) 

Diagnosis.—Closely related to A. ker- 

zhneri Kanyukova known from only one 

female collected in Russia (Primorsk Terr.). 

The latter differs from the female of 4. chu- 
joi in the absence of postocular tubercles, 

presence of only one prominence at outer 

margin of corium, position of spiracles (III 

ventrolateral, IV and VII ventral). 

Description.—Elongate ovate. Dark 

brown; antennal segments III and IV, ros- 

trum, and tibiae slightly paler; tarsi yellow. 
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Head about |.1 times as wide as long (male 

0.50 mm: 0.45 mm; female 0.52 mm: 0.46 
mm). Genae not surpassing apex of clypeus. 

Antenniferous tubercles acute, reaching apex 

of head, with divergent outer borders. Post- 

ocular tubercles very small, not surpassing 

outer borders of eyes. Vertex about 3 times 
wider than eye. Antennae 2.5 times as long 

as head; segment I surpassing apex of head 

by % of its length; length of segments (I- 

IV): male 0.34, 0.20, 0.43, 0.27 mm, female 
0.34, 0.23, 0.47, 0.28 mm; segment I the 

thickest, about 3 times as long as wide. Seg- 
ments I-III covered with small granules 

bearing very short setae. Rostrum reaching 
hind border of rostral groove, which is open 
posteriorly. 

Pronotum twice as wide as long (male 

0.60 mm: 1.20 mm; female 0.63 mm: 1.26 

mm). Lateral margins raised in fore third, 

forming trapezoidal lobes with sinuate outer 
margins. Humeral angles distinct; sides of 

pronotum behind them parallel, crenulate. 

Fore disc with a deep median sulcus and 

four callose areas. Hind disc with dense 
granules in central part and sparse in lateral 

parts, with a granulate sinuate ridge in hind 

half and a row of granules along hind mar- 

gin. Hind corners transversely rugose. 

Scutellum shorter than wide (0.46 mm: 

0.71 mm); lateral borders carinate; disc with 

a high longitudinal carina, transversely car- 
inate laterad of it. 

Hemelytra reaching hind border of ter- 
gum VII. Outer margin of corium with one 

small prominence in basal third; apex of 

corium acute, slightly surpassing hind bor- 

der of connexival plate II; its inner corner 

not reaching apex of clavus. Clavus reaching 

apex of scutellum, carinate at both sides. 

Membrane greyish, semitransparent, with 

transverse wrinkles, without distinct veins, 

but in male with translucent venation of 
hind wings. 

Abdomen with subparallel sides in male, 

slightly widened towards middle in female; 

in both sexes connexival plate II with slight- 

ly angulate outer margin. In male, postero- 

exterior angles of segments II-IV elevated; 
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of segment V with a long hooked projection 
directed laterally and dorsally, of segment 
VI with a shorter projection; lateral lobes 

of segment VIII not reaching apex of seg- 

ment IX. In female, postero-exterior angles 

of segments II-VII elevated but not pro- 

truded laterally; lateral lobes of segment VIII 
narrowly rounded at apex, reaching tip of 

segment IX. Position of spiracles: in male, 

II dorsal, HI dorsolateral, IV and V ventro- 

lateral, visible from above, VI and VII ven- 

tral, VIII apical; in female, II dorsal, III 

dorsolateral, IV ventrolateral, visible from 

above, V and VI ventral, VII ventral but 

close to margin, visible from above, VIII 
apical. 

Length: male 3.15, female 3.3 mm; 
width: male 1.2, female 1.35 mm. 

Holotype: male, Korea, Kyonggido, 

Kwangneung, Pochongun, 16-19. VII.1992, 

M. T. Chujo (CL). 
Paratype: | female, labelled as holotype 

(GL): 

Etymology.—Named for the collector, 

Japanese entomologist Dr. M. T. Chujo. 

Subfamily ANEURINAE 

Aneurus macrotylus Jakovlev, 1880 

Specimens examined.—CHOLLAPUK- 

TO: Neleong-ri, 28.EX.1991, M. T. Chujo, 

many males, females, nymphs (CL). CHOL- 

LANAMDO: Tam-ri, Whagae Myeon, 
I7.VIL.1991, M. T. Chujo, 1 male, 4 fe- 

males (CL). KYONGSANGNAMDO: 
Chirisan, 11.VIII.1989, Y. J. Kwon, 1 fe- 

male (KPNU). 

Distribution.—Korea (North, new rec- 

ord: South), Russia (south of the Far East), 

Japan (Hokkaido, Honshu, Kyushu, Shi- 
koku). 

We conclude with a revised list of Korean 

Aradidae and their distributions in Korea 
(Table 1). 
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Table 1. A revised list of Korean Aradidae and 

their distributions in Korea. 

North Central South Chejudo 

ANEURINAE 

Aneurus macrotylus Jakov- 

lev 1880 3. Te 

ARADINAE 

Aradus bergrothianus Kir- 

itshenko 1913 ar 

Aradus compar Kiritshen- 

ko 1913 ~ aa - 

Aradus hieroglyphicus J. 

Sahlberg 1878 =f + 

Aradus lugubris Fallén 1807 + - 

Aradus pictellus Kerzhner 

1972 + 

Aradus signaticornis R. F. 

Sahlberg 1848 + 

Aradus spinicollis Jakovlev 

1880 + + 

Aradus transiens Kirit- 

shenko 1913 + 

Aradus ussuriensis Jakov- 

lev 1876 37 a5 

MEZIRINAE 

Acoryphocoris chujoi sp. n. + 

Mezira ludviki Josifov and 

Kerzhner 1978 qe 

Mezira subsetosa Josifov 

and Kerzhner 1978 + 

Mezira taiwanica Kormi- 

lev 1957 se 

Neuroctenus argyraeus Liu 

1981 + ~ 
Neuroctenus ater (Jakovlev 

1878) ~ 

Neuroctenus castaneus (Ja- 

kovlev 1878) + + 

Neuroctenus koreanus sp. n. + 

Neuroctenus taiwanicus 

Kormilev 1955 oF 

Usingerida verrucigera 

(Bergroth 1892) + ap =e 

S. Nomura for giving specimens collected 

by them in Korea to the senior author and 

to Dr S. B. Ahn, Prof. Y. J. Kwon, Prof. I. 

Re Wee, Prof. H. C. Park; Prof. J. S. Park, 

Prof. K. T. Park, Prof. B. J. Rho, and Prof. 

K. S. Woo for permission to use unpub- 
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lished data from the collection under their 

curation. 
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(HETEROPTERA) OF JOHANN CHRISTIAN FABRICIUS 

1775-1803 
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Abstract.—The six belostomatid names used by J. C. Fabricius are reviewed. Nepa 

grandis Linnaeus, 1758 (= Lethocerus grandis), Nepa annulata Fabricius, 1781 (= Diplony- 

chus annulatus) and Naucoris nepoides Fabricius, 1803 (= Appasus nepoides) are not 

controversial. Nepa fusca sensu Fabricius, 1775 (misidentification of Nepa fusca Linnaeus, 

1758) cannot presently be recognized. Fabricius used the name Nepa rustica for two 

different species of belostomatids from different continents that are both wrongly named 

according to current usage. Nepa rustica Fabricius, 1775, from the New World, 1s shown 

to be most likely a senior synonym of Zaitha stollii Amyot and Serville, 1843, now known 

as Belostoma stollii (Amyot and Serville). Nepa rustica Fabricius, 1787, from India, 

currently known as Diplonychus rusticus (Fabricius), is shown to be a junior synonym of 

Nepa plana Sulzer, 1776. A petition to the ICZN has been prepared to conserve the names 

Zaitha stollii Amyot and Serville, 1843 and Nepa rustica Fabricius, 1787 therefore the 

synonymies are discussed but not proposed here, pending a decision by the ICZN. 

Key Words: 
onymy 

J. C. Fabricius used six belostomatid spe- 

cies-group names (five as Nepa species, one 

as a Naucoris species) in his five major works 

dealing with Heteroptera at the species lev- 

el, which are “‘Systema Entomologiae”’ 

(1775), “‘Species Insectorum”’ (1781), 
‘“Mantissa Insectorum”’ (1787), “Entomo- 

logia Systematica”’ (1794) and “Systema 
Rhyngotorum”’ (1803). His other major tax- 

onomic works, “Genera Insectorum” (1776, 
including a Mantissa, pp. 209-310) and 

“Philosophia Entomologica” (1778), did not 

include belostomatid species. 
Only one belostomatid species treated by 

Fabricius had been previously described, 
namely Nepa grandis Linnaeus, 1758, now 

Lethocerus grandis (L.). There seems to be 

no disagreement about the identity of this 

species, or about Nepa annulata Fabricius, 

Heteroptera, Belostomatidae, Diplonychus, Belostoma, synonymy, hom- 

1781 (now Diplonychus annulatus) from 

south India, or Naucoris nepoides Fabricius, 

1803 (now Appasus nepoides) from Africa. 

One species, Nepa fusca Fabricius, 1775 
(also 1781), must remain a nominum in- 

querendum, at least for now. The remaining 

two can be related to modern belostomatid 

species, but the nomenclature is tortuous. 

To put things in perspective, during the 

period in which Linnaeus and Fabricius 

worked, genera had the equivalent of mod- 

ern superfamilies. For instance, the genus 

Nepa, as used by Linnaeus, Fabricius and 

other authors from 1758 to 1790, included 
species now assigned to the families Belo- 

stomatidae, Naucoridae and Nepidae. The 

genus Notonecta held the remainder of the 

water bugs known at the time, namely the 

Corixidae and Notonectidae. Currently there 
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are 11 families in the Nepomorpha, con- 

taining 133 genera. 

Fabricius (1790) began the process of di- 

viding the large water bug genera of Lin- 

naeus in his ““Nova Insectorum Genera” that 
included the genus Ranatra. In 1807 La- 

treille published his “Genera Crustaceorum 

et Insectorum”’ establishing the currently 

used major genera of Nepomorpha includ- 

ing Belostoma. Latreille (1802) introduced 

the first nepomorphan family group names, 
Nepariae and Notonectariae, now emended 

to Nepidae and Notonectidae, but it re- 

mained for Leach (1815) to establish family 

names for the remainder of the Nepomor- 

pha then known. 

Fabricius differentiated between nepids 

and belostomatids by describing the caudal 

part of the insect as ““N. cauda biseta”’ for 

nepids, ‘““N. ecaudata”’ for belostomatids. 

The names and cross references (citations) 

used in Fabricius’ species descriptions were 

not consistent and sometimes unquestion- 

ably incorrect. It is clear that he often used 

the same name for different species (some- 

times both belostomatids and nepids) in 

successive works, so that tying these names 

to the currently used names has been taxing 

at best, and extremely difficult in some in- 

stances. Decisions regarding the status of 

names in the early literature are based on 

the methodology of Thompson and Pont (in 

press); these authors faced the same dilem- 

ma with early names of the genus Musca 

(Diptera), as did van der Vecht (1961) with 

Fabrician species of the Hymenoptera 

Sphecoidea. 

Below I present evidence to support the 

resolution of two problems, both dealing 

with Fabricius’ usage of the name Nepa rus- 

tica for two different species of belostoma- 

tids that are both wrongly named according 

to current usage, a matter that will be sub- 

mitted to the ICZN. A resolution of this 

problem is needed for the forthcoming cat- 
alog of Palearctic Heteroptera, now in prep- 

aration. The species treated here were not 

dealt with by Stal (1868) in his ‘“‘Hemiptera 

Fabriciana”’ nor Reuter (1888) in his “Re- 
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visio Synonymica Heteropterorum Pa- 

laearcticum.”’ Fortunately Zimsen (1964) 

catalogued the Fabricius heteropteran col- 

lections, now mainly held in Copenhagen 

and London. 

Belostoma rusticum 

(Fabricius, 1775), 

REVISED CONCEPT 

Nepa rustica Fabricius, 1775: 691. Type lo- 

cality, ““America”’ 
Nepa rustica: Goeze, 1778: 177. 

Le Paysan Americain, Stoll, 1780; 11, pl. 1, 

fig. 1. Provenance, Surinam. 

Belostoma rustica: Laporte, 1833: 83. 

Zaitha stollii Amyot and Serville, 1843: 430. 

Type locality, Cayenne (= French Guia- 

na) 

Zaitha stollii: Herrich-Schaeffer, 1849: 35, 
Tab. CCXCII, Figs. 897, 898. Misiden- 

tification. 
Nepa rustica: Herrich-Schaeffer, 1849: 35. 

(= Nepa rustica Fabricius, 1775, in syn- 

onymy of Z. stollii) 

Zaitha stolli: Mayr, 1871: 406, 410. 

Zaitha stolli: Walker, 1873: 177. 

Nepa rustica: Walker, 1873: 177. (= Nepa 

rustica Fabricius, 1775, in synonymy of 

Z. Stollii) 

Zaitha stolli: Montandon, 1903: 114-115. 
Zaitha stolli: De Carlo, 1938: 240. 
Belostoma stollii: Lauck, 1963: 86. Neotype 

designation, French Guiana. 

Other species referred to as stollii or stolli. 

(Mostly from Lauck, 1963) 

Zaitha stolli: Mayr, 1863: 352-353. (= B. 
testaceopallidum Latreille) 

Zaitha stollii: Signoret, 1863: 581. (Species 

of unknown identity, subspinosum group) 
Zaitha stollii: Dufour, 1863: 387. (Species 

of unknown identity, subspinosum group) 

Zaitha stolli: Hungerford, 1920: 141. (= B. 

testaceopallidum Latreille) 

Zaitha stolli: De Carlo, 1950: 531-532. 
(Probably B. testaceopallidum Latreille) 

Historical notes: Fabricius (1775) gave 
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the following description for Nepa rustica: 

““N. ecaudata, corpore fusco, immaculato”, 
‘Habitat in Americae aquis frequens’’, and 

“Simillima praecedenti, at triplo minor. 

Corpus totum fuscum, immaculatum, laeve, 
femoribus solis parum flavescentibus.”” By 

“similar to the preceding, but three times 

smaller”, he was comparing his species to 

Nepa grandis Linnaeus, 1758 (now Lethoc- 

erus grandis). The latter measures 90-95 mm 

in length, and his N. rustica (= B. stollii) 

typically measures 33-37 mm in length, 
which is about '3 the length of L. grandis. 

On the other hand, Nepa rustica Fabricius, 
1787 (= Nepa plana Sulzer, 1776; see be- 

low) is a much smaller insect averaging about 

15-17 mm in length, only about the length 

of L. grandis. 

Goeze (1778) listed Nepa rustica Fabri- 

cius, 1775 as “der Amerikanische Bauer” 

and Nepa plana Sulzer, 1776 as “‘der platte 
Wasserskorpion,” thus clearly recognizing 

two species. 

Stoll 1780, p. 11 described ““Le Paysan 
Americain”, figured on pl. I, fig. I. Later 
Amvyot and Serville (1843: 430) gave Stoll’s 

species the binomial name Zaitha stollii. 

Stoll’s citations for pl. I, fig. I include “FA- 

BRICIUS [1775] Syst. Entom. pag. 691. 
Nepa 2. Rustica” and “GOEZE Entom: 

Beytrage Tom, II. pag. 177.n. 2 Der Bauer”. 

This is clearly an American belostomatid, 

different from the Nepa rustica of Fabricius, 

1787, 1794, 1803, which is Nepa plana 

Sulzer, 1776 from India (see below). Le- 
peletier and Serville (1825: 273) noted that 

Stoll’s pl. I, fig. I did not relate to Belostoma 

rustica (= plana) from India. 

Fabricius (1787, 1794) listed Stoll, 1780, 
pl. I, fig. las a citation for Nepa fusca (from 

India), clearly belonging to the Nepidae of 

today according to the description and di- 

agnosis, the latter stating ‘“cauda logitudine 

corporis” or “siphon as long as body” which 
cannot refer to a belostomatid. This must 

have been a lapsus because Stoll’s pl. I, fig. 

I is Fabricius’ Nepa rustica (from America) 

discussed above. It is impossible to know 

with certainty what species Fabricius had 
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before him unless we can tie these descrip- 

tions to a specimen. 

Discussion: While the description of Fa- 

bricius could apply to several American 

species, it appears most likely that the spe- 

cies Zaitha stollii Amyot and Serville, 1843, 
now known as Belostoma stollii, is a junior 
synonym of Nepa rustica Fabricius, 1775, 
which should henceforth carry the name 

Belostoma rusticum (Fabricius) if Z. stollii 

is not conserved. 
It also seems certain that Fabricius did 

not have a specimen of N. rustica in his 

collection or he would not have changed his 

concept between 1775 and 1781. He did not 

state which collection possessed the speci- 

men. Zimsen (1964) lists two specimens of 

Nepa rustica in the Fabricius collection from 

Kiel (now at Copenhagen) and one in Lon- 

don. A search of the Fabrician collection in 

Copenhagen, and the Banks collection in the 

Natural History Museum in London reveals 

that there are two specimens of Nepa rustica 

Fabricius held in each of these, all pertain- 

ing to Nepa rustica Fabricius 1787, not Nepa 

rustica Fabricius, 1775. 

The type-locality of stollii given by Amyot 

and Serville is Cayenne (French Guiana), 

reestablished as French Guiana with the 

designation of a neotype by Lauck (1963). 
The original type-specimen should be the 

one illustrated by Stoll (1780, pl. I, fig. I) if 

it could be located, which is unlikely. This 

figure does match stollii reasonably, with 

the exception that no Belostoma species is 

as rounded posteriorly as depicted. 

Laporte (1833: 88) recognized the prob- 

lem with “Be/ostoma rustica de Fabricius” 

and its complexity, stating “Sa synonymie 
est fort embrouillée, et plusieurs espéces ont 

été confondues sous ce nom.” He gives three 

entries in support, two of which indicate the 
synonymy of the two species Fabricius de- 
scribed under the name rustica, 1.e. “1° 

Sphaerodema rustica. —Belostoma rustica. 

Fab.” and ‘3° Belostoma rustica.—Nepa 

rustica. Stoll.” On page 18 LaPorte gives 

‘“*Belostoma rustica. Fab. 106, 3.” (referring 

to the redescription of Nepa rustica in Fa- 
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bricius, 1803) as the type of the genus Dip- 

lonychus. This 1s his only reference to a Fa- 

brician description of rustica and fixes the 

taxon of entry 1°as the Indian species. Entry 

3° ties ““Belostoma rustica” to Stoll’s cita- 
tion of Nepa rustica Fabricius, 1775, the 

American belostomatid. (Entry 2° deals with 

a supposed misidentification of rusticus, 
which is not relevant here.) Thus in a very 

terse way, Laporte sorted out the two spe- 

cies that Fabricius had described under the 

single name Nepa rustica, and showed that 

he clearly understood one was the American 

species described and figured by Stoll, the 

other was the Indian species given in Fa- 

bricius’ Systema Rhyngotorum (1803), and 

that these two belonged in different genera. 

Herrich-Schaeffer (1849; vol. 9, p. 35) 

gives under Zaitha stollii Amyot and Ser- 
ville the synonymy “Stoll. 11. pl. I. Fig. I. 

Nepa rustica.—F. Syst. Ent. pg. 691. non 

Ent. Syst.” thus attributing the species to 

Fabricius (1775) and recognizing that Fa- 

bricius’ later (1794) description of Nepa rus- 

tica referred to another species (see Diplon- 

ychus planus below). The provenance is 

however given as Mexico, so the specimen 

figured by Herrich-Schaeffer may not be the 
correct species. 

Mayr’s (1871) concept of this species is 

certainly incorrect or at least confused. Pos- 

sibly he was dealing with several species. 

He says that stollii comes from North 

America (‘“‘aus Nordamerika stammen- 

den’’) and that two type specimens are in 

Signoret’s collection. He also synonymizes 

Zaitha indentata Haldeman with stollii, 
however indentata is a species in the genus 

Abedus. 
Walker (1873) lists Nepa rustica Fabri- 

cius, 1775 as synonymous with stollii, prob- 
ably following Stoll (1780). 

Diplonychus planus (Sulzer, 1776), 

NEw COMBINATION 

Nepa plana Sulzer, 1776: 92, Tab. X, Fig. 

2. Provenance, “aus Amerika”’, in error. 

Nepa plana: Goeze, 1778: 177. 
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Le Scorpion-Aquatique Plat. Stoll, 1780: 36, 

pl. VII, fig. VI, fig. A. 
Nepa rustica Fabricius, 1781, vol. 2: 333. 

Provenance, Coromandel, South India. 

Misidentification (see discussion below). 

Nepa rustica Fabricius, 1787, vol. 2: 276. 

Type locality not given. Misidentification 
or Junior homonym of Nepa rustica Fa- 

bricius, 1775 (see discussion below). (= 

Nepa plana Sulzer, 1776) 

Nepa rustica: Roemer, 1789: 79, Pl. X, f. 2. 

Nepa rustica: Gmelin, 1790: 2121. (= Nepa 

plana Sulzer, 1776) 

Nepa rustica: Fabricius, 1794: 62. Prove- 

nance, Coromandel, South India. (= Nepa 

plana Sulzer, 1776) 

Nepa rustica: Turton, 1801: 607. 

Nepa rustica: Fabricius, 1803: 106. (= Nepa 

plana Sulzer, 1776) 

Nepa rustica: Latreille, 1804: 283. 

Nepa rustica: Olivier, 1811: 189. 

Belostoma rustica: Latreille, 1817: 397. 
Belostoma rustica: Lepeletier and Serville, 

182522273: 
Belostoma rustica: Latreille, 1829: 206. 

Diplonychus rusticus: Laporte, 1833: 18. 

Sphaerodema rustica: Laporte, 1833: 83. 

Diplonychus rusticus: Burmeister, 1835: 194. 

Diplonychus rusticus: Blanchard, 1840: 92. 

Diplonychus rusticus: Amyot and Serville, 

1843: 436. 
Diplonychus rusticus: Herrich-Schaffer, 

1845: 27, figs. 801, 802. 

Diplonychus rusticus: Herrich-Schaffer, 

1849: 38. 
Sphaerodema rustica: Spinola, 1850: 48. 

Diplonychus rusticus: Uhler, 1860: 231. 

Diplonychus rusticus: Mayr, 1863: 362. 
Nervinops rusticus: Dufour, 1863: 399. 

Appasus marginicollis: Dufour, 1863: 399. 

Diplonychus rusticus: Mayr, 1868: 188. 

Diplonychus rusticus: Stal, 1870 [1871]: 706. 

Diplonychus rusticus: Mayr, 1871: 438. (? = 

Nepa plana Sulzer, 1776) 

Diplonychus rusticus marginicollis: Mayr, 
1871: 438. 

Sphaerodema rusticum: Montandon, 1900: 

265. (= Nepa plana Sulzer, 1776) 
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Nepa plana, Montandon: 1900: 265. 

Sphaerodema rusticum: Distant, 1906: 36. 

(2? = Nepa plana Sulzer, 1776) 
Diplonychus rusticum marginicollis: Dis- 

tant, 1906: 36. 

Diplonychus rustica: Kirkaldy, 1906: 151. 

Fixation as genotype. 

Spherodema (sic) (Appasus) rusticum: Mat- 

sumura, 1913: 94, pl. 11, fig. 3. 

Sphaerodema rusticus: Hoffmann, [1925] 

1926: 167-176, 2 tab., 1 pl. 

Diplonychus (Appasus) rusticus: Poisson, 

1933: 24. 
Sphaerodema rusticum: Hoffmann, 1941: 

9-11. Catalog. (? = Nepa plana Sulzer, 

1776) 

Nepa rustica: Zimsen, 1964: 304-305. (Fa- 

bricius type-specimens) 

Diplonychus indicus Venkatesan and Rao, 

1980: 299 (syn. Polhemus, in press). Type- 

locality, Madras, South India. 

The above synonymy gives the usage up 

to 1870, and later references considered im- 

portant to the nomenclature, plus the var- 

ious usages and generic combinations of the 
names Nepa plana Sulzer, N. rustica Fabri- 

cius and synonyms, but does not give all of 

the roughly 130 references to these names. 

Historical notes: Sulzer’s (1776) figure of 

Nepa plana closely matches specimens cur- 

rently known as Diplonychus rusticus (Fa- 

bricius) at hand from south India and other 

Asian localities, and does not resemble any 

known American species, so in spite of his 

statement “..., aus Amerika” this insect 
certainly came from Asia, probably south 

India. No American Be/ostoma species has 

the streamlined, non-protruding eyes that 

are flush with the margin of the head evident 

in N. plana. 

Goeze (1778) listed Nepa rustica Fabri- 

cius, 1775 as “der Amerikanische Bauer” 

(= Belostoma stollii A. & S.; see above) and 
Nepa plana Sulzer, 1776 as “‘der platte Was- 

serskorpion”’, thus clearly recognizing two 

species. 

Stoll (1780) gave a description under “Le 
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Scorpion-Aquatique Plat, de la Céte de Co- 

romandel”’, thus fixing the locality as South 

India. He gives as a reference “SULZER 

Gesch. Ins. pag. 92 Tab. 10 Fig. 2. Nepa 
Plano.” His figures are clearly of a Diplon- 

ychus species matching plana, one of them 

carrying eggs on the back. 

Fabricius in 1781 redescribed Nepa rus- 

tica as ‘“N. ecaudata fusca, thoracis elytro- 

rumque margine antico albido’’, followed 
by ‘“‘Notonecta rustica ecaudata, corpore 

fusco immaculato. Syst. Ent. 691. 2.” re- 
ferring back to his 1775 work, but giving in 

addition “Habitat in Coromandel. Mus. 

Dom. Banks.” Because Fabricius referenced 
his original description of 1775, but gave a 

new description of a different insect from 

another continent, this is a misidentifica- 

tion. 

In 1787 Fabricius repeated the descrip- 

tion of 1781, but dropped the reference to 

his 1775 work, and referenced instead “‘Sulz. 
Hist. Ins. tab. 10. fig. 2”. (= Sulzer 1776), 

and “Stoll. Cimic. 2. tab. 7. fig. VI.” (= Stoll 

1780), thus naming a new species, and es- 

tablishing the synonymy of rustica F. 1781 

and plana Sulzer. In this work he does not 

state the provenance. According to the de- 

cision table of Thompson and Pont (in press) 

this is not a misidentification but an avail- 

able homonym. Kerzhner (in litt.) is not 

convinced, however, that this usage is sub- 

stantially different than that of Fabricius, 
1781, and therefore he believes that it is also 

a misidentification. 

Roemer (1789) dealt with Nepa plana, 

using the name Nepa rustica F., in a work 

intended to relate Sulzer’s taxa to the names 
proposed by Linnaeus and Fabricius. He 

repeated the Fabricius description of 1781, 

reprinted plate Tab. X from Sulzer (1776) 

showing Nepa plana, gave “Habitat in Co- 
romandel’”’, yet incorrectly gave the refer- 

ence “FABR. S. Ent. n. 2.” which is from 

Fabricius, 1775, describing an American 

belostomatid as I have shown above. 
Gmelin (1790) repeated the description 

of Fabricius, 1781 and gave references as 
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Fabricius (1781, 1787), Sulzer (1776, Nepa 

plana), and Stoll (1780), but not the 1775 

work of Fabricius. He also included Nepa 
plana as a synonym, but did not recognize 

its priority. 

Fabricius in 1794 repeated his entry of 
1787 but added “‘Nepa plana” in synonymy 

before the Sulzer entry, and also added 

‘“‘Habitat in Coromandel saepe ova aggre- 

gata, erecta in dorso circumferens Mus. 

Dom. Banks.” He redescribed Nepa annu- 

lata in this work, and stated his rustica to 
be “Praecedentibus minor.” Fabricius, 1803 

has a similar entry to that of 1794. 

Turton (1801) gave the first description 

in English, referencing only Stoll (1780), and 

gave the habitat as Coromandel. 

Montandon (1900) discussed these taxa 

and proposed the synonymy of Nepa rustica 

Fabricius, 1803 and Nepa plana Sulzer, 
1776, but this proposal has been ignored by 

later workers. 

Both Mayr (1871) and Distant (1906) rec- 

ognized that Sphaerodema rusticum and 
Nepa plana Sulzer were possible synonyms, 
marking the latter entry under rusticum with 

“2 Nepa plana Sulz’’. Both also listed Ap- 

pasus marginicollis Dufour 1863 as a va- 
riety of rusticum. Since Distant (1906) no 

modern author has dealt with the species 

group synonymy of this genus as far as I can 

determine, although Lauck and Menke 

(1961) gave a generic synonymy, recently 

revised by Polhemus (in press). 

Hoffmann (1941), in his catalogue of 

aquatic Hemiptera of Asia, listed “? Nepa 

plana Sulz.” first, then Fabricius, 1794 as 

the first entry for Nepa rustica. In this he 

was probably following Distant (1906). 

Lectotype designation: A search of the 

Fabrician collection in Copenhagen and the 

Banks collection in the Natural History Mu- 

seum 1n London reveals that there are two 

specimens of Nepa rustica Fabricius held in 

each of these, all four pertaining to Nepa 

rustica Fabricius, 1787. I have designated a 

lectotype from the pair in the Banks collec- 

tion, and it is so labelled; the others are 

paralectotypes. 
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Discussion: As shown above, there are 

two reasons why the taxon currently known 

as Diplonychus rusticus (Fabricius, 1787) 

(also given often as 1794 or 1803) must be 

referred to as Diplonychus planus (Sulzer 

1776) unless some action is taken by the 
ICZN; 1) the former name, originally Nepa 

rustica Fabricius, 1787, is a junior primary 

homonym of Nepa rustica Fabricius, 1775, 

and 2) it is a junior synonym of Nepa plana 

Sulzer, 1776. 

The only defensible reason for previously 
failing to recognize the synonymy of N. plana 
Sulzer, 1776 and N. rusticus Fabricius, 1787 

would be the mistaken belief that Fabricius’ 
Indian species dated from 1775, not 1787 

as I have shown. 

A petition to the ICZN has been prepared 

to conserve the name Nepa rustica Fabri- 

cius, 1781. The ICZN will also be asked to 

suppress the name Nepa plana Sulzer, 1776 

and to suppress the usage of Nepa rustica 

before 1781, thus eliminating the latter as 

a probable senior synonym of Zaitha stollii 
Amyot and Serville, 1843. It 1s particularly 

important to conserve Nepa rustica Fabri- 

cius (= Diplonychus rusticus) because it is 

the type of the genus Diplonychus Laporte, 

1833, and the best known and most widely 

cited Old World belostomatid. 
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A REMARKABLE NEW GENUS AND SPECIES OF LARGIDAE FROM PERU 
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Abstract. — Vasarhelyecoris ophthalmicus 1s described and illustrated as a new genus and 

new species of Largidae from Peru. It is considered to be most closely related to Thau- 

mastaneis montandoni Kirkaldy and Edwards. The myrmecomorphic nature of the insects 

is discussed as well as the type of head and development of the cylindrical neck. 

Key Words: 

Two females of a new species representing 

an undescribed genus were discovered while 

studying Largidae in the Hungarian Natural 

History Museum during the summer of 
1993. These Peruvian specimens resemble 

the Brazilian Thaumastaneis montandoni 

Kirkaldy and Edwards 1902 (as depicted by 

Hussey 1927: 232 and listed by him, 1929: 

28) in being brachypterous, extremely slen- 

der with sides of the body coarctate, and 
having an elongate neck. The myrmeco- 

morphic nature of each genus is described 
as well as are the brachypterous condition 

of the hemelytra and development of the 

cephalic neck. 

The following abbreviations are used for 
the institutions cited in this paper: HNHM 
(Hungarian Natural History Museum, Bu- 

dapest); UNAM (Instituto de Biologia, 

Universidad Nacional Autonoma de Méx- 
ico, México D.F.). 

All measurements are given in millime- 

ters. 

Vasarhelyecoris 

Brailoysky and Barrera, 

New GENUS 

Diagnosis.—This largid is strongly myr- 
mecomorphic. The basal constriction and 

Insecta, Heteroptera, Largidae, new genera, new species, Peru 

distal globosity of the abdomen, head shape 

and long and slender legs are all features 

associated with ant mimicry. 
The relationship of Vasarhelyecoris Brai- 

lovsky and Barrera, new genus, to other lar- 

gid genera is intriguing. Only the genus 
Thaumastaneis Kirkaldy and Edwards 1902 

has an elongate cephalic neck, protruding 

prehumeral spines, smooth polished head 

and anterior pronotal lobe, armed forefem- 

ora, and strongly brachypterous hemelytra 

similar to those found in Vasarhelyecoris. 
Vasarhelyecoris may be distinguished 

from Thaumastaneis by its much longer 

neck (Figs. 2, 3), protruding eyes with dorsal 
margins distinctly elevated above top of 

head, scutellum almost flat, and the absence 

of a pronotal collar. In Thaumastaneis the 

eyes are sessile, the top of head in lateral 

view (Fig. 4) is much higher than eyes, the 

head is strongly globose, the scutellum is 

elevated into a large blunt-cone, and a pro- 

notal collar is present. 
Generic description.—Body very elon- 

gate, slender, shining and polished. Head: 
Produced into an extremely elongate, slen- 

der, cylindrical neck and strongly deflexed 
immediately anterior to eyes; dorsal surface 

posterior to interocular space with a deeply 
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incised, V-shaped impression; tylus un- 

armed, widening toward apex, slightly sur- 

passing juga; interocular width narrower 

than postocular width; antenniferous tu- 

bercle unarmed; antennal segment I cylin- 

drical, slender; segment IT cylindrical; seg- 

ment III gradually thickened to apex; 
segment IV virtually cylindrical; antennal 

segment I longest, segment III shortest and 

IV longer than II; eyes conspicuously pro- 

trudent, nearly stalked (Fig. 3); buccula 

short, not extending beyond the basal third 

of the first rostral segment, with a sharp, 

triangular middle projection; rostrum 

reaching anterior third of prosternum; ros- 

tral segment II slightly longer than I, seg- 

ments I and III almost equal and IV the 

shortest. 

Thorax.—Pronotum bilobed; anterior 

pronotal lobe globose, lateral margins even- 

ly rounded; collar absent; posterior lobe 

nearly flat; each prehumeral angle produced 

as a long, stout, conical tooth, directed lat- 
erally; posterior edge almost straight: pro- 

sternum, mesosternum and metasternum 
almost flat; anterior lobe of metapleuron 

strongly enlarged, globose, visible from 

above; metathoracic peritreme rounded, not 

at all auriculate, elevated from the pleuron 

and slightly curving posteriorad; evapora- 

tive area obsolete. 

Legs.—Profemur armed below on inner 

margin with two large spines, the proximal 

one largest; mesofemur and metafemur un- 

armed; each tibiae cylindrical without a lon- 

gitudinal sulcus; tarsal segment I longer than 
segments II and III combined; femora and 
tibiae densely investitured with long and 

short hairs, former generally longer than the 

supporting segment. 

Scutellum.— Triangular, longer than wide, 
unarmed and slightly convex. 

Hemelytra.—Brachypterous, extending to 

the anterior border of abdominal tergum 
III; clavus and corium fused, but line of 

fusion discernible; membrane reduced to a 

small flange, without veins and with the in- 

ner portions overlapping. 
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Abdomen.—Strongly constricted basally 

and swollen distally; segment III (first vis- 
ible) slender, linear and dorsally with a me- 

dian transverse impression; segments IV to 
VI swollen and segments VII and VIII 

subglobose; segment III and basal third of 

IV slightly convex, higher than connexi- 

vum; segments V to VII and apical third of 

IV flat with connexival segments higher: 

connexival margin entire, posterior angle of 

segments not extended into a short spine; 

pleural sternites [V—VI swollen, visible from 

above; suture between segments V-VI 

strongly convex. 

Female genitalia.—Abdominal sternite 

VII entirely fissured, in lateral view with 

upper third broad and lobated and lower 

third slender; gonocoxae I short (Fig. 5). 

Integument.— Head, anterior pronotal 

lobe, prothorax, mesothorax and metatho- 

rax, corium and abdomen impunctate; pos- 

terior pronotal lobe, scutellum and clavus 

finely punctate; body shining, highly pol- 
ished, with pruinosity on thorax and ab- 

dominal sterna III to VII. Head, pronotum, 

scutellum, legs, thorax and abdominal ster- 

na with long, slender, erect hairs; clavus, 
corium and dorsal abdominal segments al- 

most glabrous. 

Male.— Unknown. 

Etymology.— We are pleased to name this 

new genus for Dr. Tamas Vasarhelyi, dis- 

tinguished Hungarian hemipterist and the 

Greek word coris = bug. 

Type species. — Vasarhelyecoris ophthal- 

micus Brailovsky and Barrera, new species. 

Vasarhelyecoris ophthalmicus 

Brailovsky and Barrera, 

NEw SPECIES 

Figs. 1-3, 5 

Description.— Measurements: Female: 

Head length in dorsal view 1.80; width 
across eyes 2.60; interocular space 1.44; 

preocular distance 1.40; length of neck 2.23; 
length antennal segments: I, 3.20; IH, 1.18; 

IIT, 0.88; IV, 2.24. Pronotum: Length of an- 
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Figs. 2-5. 2, 3, Vasarhelyecoris ophthalmicus. 2, head and pronotum in dorsal view. 3, head in lateral view. 

4, head of Thaumastaneis montandoni in lateral view. 5, female genital plates of Vasarhelyecoris ophthalmicus 
in lateral view. 

— 

Fig. 1. Dorsal view of Vasarhelyecoris ophthalmicus. 
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terior lobe 1.52; width of anterior lobe 1.68; 
length of posterior lobe 1.36; width of pos- 

terior lobe 1.84. Scutellar length 0.50; width 

0.40. Hemelytra: Length 1.92. Abdomen: 

Length 10.40; width 2.68. Body length 

16.95. 
Coloration.— Black; antennal segments I 

to IV bright orange; posterior angle of co- 

rium yellow; rostral segments I to IV and 

legs red brown. 

Type material.— Holotype: °, Peru, Mar- 

capata (without additional data) (HNHM). 

Paratypes: | 2, same data as for holotype 

(UNAM). 
Etymology.—The specific epithet of the 

species is used to refer to the protruding 

eyes. 
Distribution.— Known only from the type 

locality Peru, South America. 
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REVISION OF THE MYRMECOMORPHIC PLANT BUG GENUS 
SCHAFFNERIA KNIGHT (HETEROPTERA: MIRIDAE: ORTHOTYLINAE) 

THOMAS J. HENRY 

Systematic Entomology Laboratory, Plant Sciences Institute, ARS, USDA, % National 

Museum of Natural History, MRC-168, Washington, D.C. 20560. 

Abstract.—The myrmecomorphic plant bug genus Schaffneria is reviewed, the species 

S. hungerfordi Knight is synonymized under S. davisi Knight, and S. bureni Knight and 
S. schaffneri Knight are synonymized under S. pilophoroides (Knight). The genus and the 

two included species are redescribed, new host and distribution records and comments 

on ant mimicry are provided, and the relationship of Schaffneria to other genera is 

discussed. 

Key Words: 
ant mimicry, North America 

Miridae of the ceratocapsine genus 

Schaffneria Knight are remarkable in their 

resemblance to certain species of ants. Until 

recently, little was known of their habits. 

Knight (1966) proposed the genus Schaff- 
neria to accommodate Pamillia davisi 
Knight, known only from New Jersey: Cer- 

atocapsus pilophoroides Knight, known only 

from Kansas; and his new species Schaff- 

neria bureni from Louisiana, S. hungerfordi 

from Michigan, and S. schaffneri from Tex- 

as. The last-named species was discovered 

by the lygaeid specialist M. H. Sweet (Texas 

A&M University, College Station), who 

found specimens running on the ground in 

a dry juniper habitat and speculated that 

these bugs might be feeding on fallen cedar 

fruits, a habit that would be highly unusual 
for mirids. As a consequence of Sweet and 

J. C. Schaffner’s (also Texas A&M Univer- 
sity) observations, Knight (1966) entitled 

his paper “Schaffneria, a new genus of 
ground dwelling plant bugs ....” In that 

paper, Knight also speculated that these bugs 

were “... perhaps associating with ants.” 

Heteroptera, Miridae, Schaffneria, synonymy, distribution, hosts, habits, 

Kelton (1980) later reported S. davisi from 

Manitoba and S. schaffneri from Alberta 
and Saskatchewan, considerable range ex- 

tensions for both species. 

It was not until Wheeler’s (1991) work on 

the mirids of scrub oak, Quercus ilicifolia 
Wangenh., that more life-history informa- 

tion on these interesting mimetic bugs be- 
came available. During his research on pitch 

pine-scrub oak barrens in the Eastern Unit- 

ed States, he discovered that both S. davisi 

and S. pilophoroides (as S. schaffneri) are 

closely associated with Dolichoderus ants 
tending certain species of aphids. 

Primarily because of specimens collected 

by Wheeler and those accumulated through 

our combined fieldwork, I have been able 
to reevaluate the species of Schaffneria. 

Study of the types has allowed me to de- 
termine that three of the five described spe- 

cies are junior synonyms. In this paper I 

synonymize S. bureni and S. schaffneri un- 

der S. pilophoroides and S. hungerfordi un- 
der S. davisi, diagnose and redescribe S. 

davisiand S. pilophoroides, provide new host 
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and distribution records, and discuss habits 

and the relationship of Schaffneria to other 

genera of Ceratocapsin1. 

Schaffneria Knight 

Schaffneria Knight, 1966: 1. Type species: 
Schaffneria schaffneri Knight, 1966, a ju- 

nior synonym of Ceratocapsus pilopho- 

roides Knight, 1930. Original designa- 

tion. 

Diagnosis. — This genus is unique in hav- 
ing the combination of a posteriorly flared 
and convex pronotum, apically broadened 

hemelytra, the irregular dulled band through 

the middle of the corium and clavus, a pol- 

ished cuneus and area of the corium outside 

the radial vein, the reduced male genital 

aperture, and the sickle-shaped left and re- 

duced right paramere. 

Description. —Orthotylinae: Ceratocap- 

sini. Myrmecomorphic. Length 2.80—3.80 

mm. Head subtriangular in dorsal aspect, 

elongate in lateral aspect, impunctate, basal 

margin straight, sharply but narrowly cari- 

nate, basal angles of eyes weakly rounded, 

eye elongate oval in lateral aspect, occu- 

pying half or more of head, buccula narrow, 

extending nearly to base of head, rostral 

opening between bucculae broadly rounded 

to contain all but apex of thickened rostral 

segment I. Antenna evenly thickened, ex- 

cept for gradually narrowing basal half of 

segment II. Pronotum trapeziform, im- 

punctate, shiny, broadly flared posteriorly, 

posterior width much broader than anterior 

width, lateral margins broadly concave from 

humeral to anterior angle, disc moderately 

to strongly convex, each anterior angle with 

an erect, bristlelike seta. Scutellum trian- 

gular, shiny, impunctate, arched upward 

from base to meet posterior margin of pro- 

notum, apical half flattened to weakly swol- 

len or bulbous. Hemelytra subparallel on 

basal half, broadly flared from apical half 

of corium to base of cuneus giving basal half 

a constricted appearance; clavus and all of 
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corium inside and basal area outside radial 

vein appearing dull or matlike at stereo- 

scopic microscope magnifications of 63 x or 

less (Figs. 4, 12), actual cuticular surface 

thickly covered by numerous tiny spicules 

(Fig. 13); narrow band through middle of 

corium and clavus (dulled area) with a glau- 

cous sheen, cuneus and most of corium out- 

side of radial vein polished; surface with a 

few scattered, short, erect, bristlelike setae. 

Ventral surface polished, except for the 

glaucous metapleural area above the osti- 

olar peritreme and coxae. Male genital cap- 
sule with a relatively small, shallow, circular 

aperture, dorsal edge irregularly tubercu- 

late. Left paramere slender, sickleshaped; 

right paramere short, sickleshaped to api- 

cally flared; phallotheca thickened, apically 

truncate. 
Remarks.—The relationships of genera 

within the Orthotylinae are poorly under- 

stood, making it difficult to place Schaff- 

neria in a phylogenetic context. Knight 

(1966) placed Schaffneria in the tribe Cer- 

atocapsini with the genera Ceratocapsus 
Reuter, Pamillia Uhler, and Pilophoropsis 

Poppius. Although the tribe has been rec- 
ognized in a number of recent papers (e.g. 

Henry 1979, 1985, Carvalho et al. 1983, 
Henry and Wheeler 1988), it also has been 

considered a synonym of Orthotylini (Car- 
valho 1958, Schuh 1974). Schuh (1974) 

characterized what he called the Serico- 

phanes group for genera with a well-devel- 

oped collar, some degree of ant resem- 

blance, usually lacking spiculi, hemelytra 

often with maculae or faciae, and restricted 

to the Western Hemisphere (with the ex- 

ception of Yenofulvius Bergroth known from 

the Philippines). Schuh’s group includes es- 

sentially the same taxa that are now placed 

in Ceratocapsini, plus the genus Serico- 

phanes. Until a comprehensive cladistic 

analysis of the Orthotylinae (now under- 

way) can be performed, I am maintaining 

Ceratocapsini to include the above genera, 
as well as a number of other New World 
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taxa such as Eurotus Distant, Marinonicoris 

Carvalho, Renodaeus Distant, Zanchisme 

Kirkaldy, and the genera discussed below. 
Knight (1966) commented that Schaff- 

neria was allied to Pamillia Uhler and could 
be distinguished by the polished areas of the 
corium and cuneus (versus frosted or pru- 

inose in Pamillia) and the strongly convex 

pronotum (versus slightly convex in Pam- 

illia). Both genera have a similar myrme- 
comorphic habitus, a characteristic shared 
by many Ceratocapsini as noted above and 
appearing convergently in numerous other 

subfamilies and tribes of the Miridae (e.g. 
Wheeler and Henry 1980, Schuh 1984, Pol- 

hemus and Polhemus 1985, McIver and 
Stonedahl 1993). Schaffneria and Pamillia 

also share a reduced genital aperture, sickle- 

shaped left paramere, and stout, apically 

truncate phallotheca, placing them near sev- 

eral other ceratocapsine genera and species 

groups such as Ceratocapsella Carvalho and 

Schaffner, Tucuruiella Carvalho, and the 
Ceratocapsus punctulatus group. 

Schaffneria davisi (Knight) 

Figs. 1-9; map | 

Pamillia davisi Knight, 1923: 535. 
Pamilia [sic] davisisi [sic]: Carvalho, 1958: 

2: 

Schaffneria davisi: Knight, 1966: 3; Kelton, 
1980: 213; Henry and Wheeler, 1988: 400; 

Wheeler, 1991: 424. 

Schaffneria hungerfordi Knight, 1966: 3; 
Henry and Wheeler, 1988: 400. NEW 

SYNONYMY. 

Diagnosis.—S. davisi is distinguished 

from S. pilophoroides by the greater length, 
broader body form, shorter 2nd antennal 

segment that is shorter than the basal width 

of the pronotum, the shorter 3rd antennal 

segment that is shorter than the width of 
the head, the flattened scutellum that is level 
with the hemelytra, and quite different 

broad, apically truncate right paramere. 

Although Knight (1966) said in his key 
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that S. davisi could be separated from S. 

hungerfordi by the wider vertex and slightly 
thicker antennal segment III, my study of 

the types and other specimens indicates that 

Knight apparently mismeasured the head 

characters. The diameters of the antennal 
segments are variable and do not support 

the recognition of two species. The male 

genitalia of the holotypes also are indistin- 

guishable and indicate that S. hungerfordi 
should be placed as a junior synonym of S. 

davisi. 

Description.—Male (n = 10): Length 

3.52-3.80 mm, basal width 1.08-1.18 mm, 

width across widest part of corium 1.36- 

1.46 mm. Head: Width 0.84-0.86 mm, ver- 

tex 0.38-0.42 mm. Rostrum: Length, 1.30- 

1.36 mm, extending to middle coxae. An- 
tenna: Segment I, length 0.30-0.32 mm; II, 

1.04-1.10 mm; II, 0.64-0.70 mm; IV, 0.60- 

0.66 mm. Pronotum: Length 0.80-0.86 mm, 

anterior width 0.72-0.74 mm, posterior 

width 1.16-1.18 mm. 

Female (n = 10): Length 3.52-3.84 mm, 

basal width 1.12-1.16 mm, width across 

widest part of corium 1.50-1.58 mm. Head: 

Width 0.88-0.90 mm, vertex 0.42-0.44 mm. 

Rostrum: Length 1.30-1.34 mm. Antenna: 

Segment I, length 0.28-0.30 mm; II, 1.02- 

1.06 mm; III, 0.64-0.66 mm; IV, 0.62-0.66 
mm. Pronotum: Length 0.80-0.88 mm, an- 

terior width 0.76-0.80 mm, posterior width 

1.14-1.18 mm. 

General coloration black to reddish 

brown. Head black to reddish brown, sur- 

face finely grained or alutaceous, with a few 

scattered short, erect, bristlelike setae. An- 

tennal segments almost uniformly thick- 

ened, segment II gradually narrowed toward 

base; segment I yellowish brown, even on 

dark color forms, segments I, III, and IV 

fuscous. Pronotum black to reddish brown, 

impunctate, surface shiny, weakly aluta- 

ceous, nearly glabrous, except for a long, 

erect, bristlelike seta at each anterior angle 

and a few scattered short setae around basal 

and lateral margins, disc strongly swollen or 
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Figs. 2-5. 

notum, and scutellum (54.2 x). 3, peritreme and ostiolar evaporative area (278 x). 4, dorsal aspect of hemelytra 

(46.3 x). 5, caudal aspect of male genital capsule (212 x). 

convex, raised well above anterior half or 
level of hemelytra. Scutellum black to red- 

dish brown, basal half strongly arched up- 

ward to meet basal margin of convex pro- 

notum, posterior half level with hemelytra; 

apex dulled, texture similar to dulled hemel- 

ytral surface. Hemelytra uniformly black or 

fuscous to bicolored (i.e. reddish brown on 
basal half, fuscous to black apically); lateral 

margins of basal half subparallel, apical half 

beginning at middle of corium broadly flared 
around to cuneus; clavus and basal half of 

corium appearing dull or matlike (Fig. 4), 

but see Fig. 13; middle of clavus and basal 

area of corium with a glaucous sheen, set 
with short recumbent, pale setae; area out- 

side of radial vein polished, including em- 

bolium, apical half of corium, and all of 

cuneus; membrane and veins fumate to fus- 

— 

Fig. |. Dorsal habitus of Schaffneria davisi. 

Scanning electron microscope micrographs of Schaffneria davisi. 2, lateral aspect of head, pro- 

cous, narrowly pale along edges bordering 

cuneus and around apical margins. Ventral 

surface shiny to polished; abdomen always 
polished black, with a large, quadrate, glau- 

cous patch across segment III, ending before 

lateral margins; thoracic sterna fuscous to 

reddish brown; ostiolar peritreme whitish. 

Legs fuscous to reddish brown; tarsomere 

I, basal half of tarsomere II, and apices of 

coxae pale. Male genitalia: left paramere 

(Fig. 6); right paramere (Fig. 7); aedeagus 

and phallotheca (Fig. 8); dorsal edge of ap- 

erture (Fig. 9). 

Remarks.—The color polymorphism 

found in S. davisi is remarkable. Popula- 

tions of this species in Pennsylvania that 
were found running with the entirely black 

ant Dolichoderus taschenbergi Mayr are en- 
tirely black, whereas populations discov- 
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Figs. 6-9. Male genitalia of Schaffneria davisi. 6, left paramere. 7, right paramere. 8, aedeagus and phallotheca. 
9, dorsal edge of male genital aperture. 

ered in Georgia that were found with the 

red and black D. mariae Forel are similarly 

bicolored. See McIver and Stonedahl (1993) 

for an excellent review of color and trans- 

formational polymorphism in myrmeco- 

morphic spiders and insects, including nu- 

merous examples in the Miridae. 

Distribution (Map 1).—New Jersey 

(Knight 1923); Michigan (Knight 1966, as 

S. hungerfordi), Manitoba (Kelton 1980); 
and Maine, Massachusetts, New Hamp- 

shire, and Pennsylvania (Wheeler 1991). 

New records are Georgia for the United 

States and Ontario for Canada. 
Hosts and habits. —This species is known 

from bur oak, Q. macrocarpa Michx. (Kel- 

ton 1980) and scrub oak, Quercus ilicifolia 

(Wheeler 1991). On the basis of specimen 

data, it also occurs on post oak, Q. stellata 

Wangenh., black oak, Q. velutina Lamb., 
and upland willow, Salix humilis Marsh. 

The plant host of this bug appears sec- 

ondary to its association with certain spe- 

cies of ants that tend aphids. Wheeler (1991) 

observed S. davisi running with Dolichod- 

erus taschenbergi that was tending the shiny 

black aphid Lachnus allegheniensis Mc- 

Cook and the yellow aphid Myzocallis bella 
(Walsh). M. D. Schwartz (see “Specimens 

examined’) collected this species with D. 

taschenbergi as well, but on Salix humilis it 
tended another aphid Chailophorus nigri- 

centris Richards. In Georgia, A. G. Wheeler 
and I collected this species with D. mariae 

Forel tending the aphid Neosymdobius sp., 

near quercihabitus Miller. At this locality, 
we observed one individual preying on an 

unidentified collembolan. Wheeler (1991) 
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Map |. 

noted that S. davisi fed on crushed cater- 

pillars and on aphids unprotected from ants 

in the laboratory, and speculated that in na- 

ture aphids were its primary prey, perhaps 

supplementing this diet with honeydew and 

scavenging. Almost certainly these mimetic 
mirids gain a protective advantage from 

predators by closely resembling ants. Whee- 

ler (1991) “hypothesized that S. davisi de- 

rives protection from visual predators that 

have learned to avoid noxious ants and rep- 

resents a classic Batesian mimic.” 

Specimens examined.—CANADA: 

MANITOBA—1 8, Horton, 25 July 1953, 
Brooks & Kelton (CNC); 1 2, Russell, 21 

July 1954, Brooks & Wallis (CNC). ON- 

TARIO—4 44, 18 92, Ottawa, Carlton Co., 
Constance Bay, 16-18 July 1991, M. D. 

Schwartz, taken on Salix humilis var. hu- 

milis, collected with Chailophorus nigricen- 

Distribution of Schaffneria davisi. O = new records. @ = old records. 

tris tended by Dolichoderus taschenbergi 
(CNC). UNITED STATES: GEORGIA —3 
44, 12 92, Columbia Co., Georgia, Burk’s 
Mt., nr. Pollard’s Corner, 24 Apr. 1988, T. 

J. Henry (TJH) & A. G. Wheeler, Jr. (AGW), 
taken on Quercus stellata with Dolichoderus 

mariae tending Neosymdobius sp., near 

quercihabitus (USNM). MAINE—2 éé, Ox- 

ford Co., Fryeburg Barrens, 10 Aug. 1990, 
AGW, on Quercus ilicifolia (USNM), 1 8, 3 
22, York Co., Waterboro Barrens, 7 Aug. 

1990, AGW, on Quercus ilicifolia; 1 8, 6 22, 
York Co., Shapleigh Barrens, 9 Aug. 1990, 
AGW, on Quercus ilicifolia(USNM). MAS- 

SACHUSETTS—2 644, 1 9, Franklin Co., 
Montague Barrens, 4 Aug. 1990, AGW, on 

Quercus ilicifolia (USNM). MICHIGAN— 

holotype 4, allotype @ (of S. hungerfordt), 

Cheboygan Co., 14 July 1931, H. B. Hun- 

gerford (USNM); 2 46, 2 92, Presque Isle, 
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Map 2. 

Rt. 33, at Montmorency Co. line, 26 July 
1991, TJH & AGW, on Quercus velutina 

(USNM). NEW HAMPSHIRE—|1 4, 1 92, 
Carroll Co., Ossipee Barrens, 10 Aug. 1990, 
AGW, taken on Quercus ilicifolia (USNM). 
NEW JERSEY —2 92, Jamesburg, 4 July 

1902, H. G. Barber colln. (USNM); holo- 

type 2 (of Pamillia davisi), Lakehurst, “IX- 
4,” H. H. Knight colln. (USNM); | 2, 3 29, 

Lakehurst, 20 June 1903, H. G. Barber colln. 

(USNM); paratype @ (of P. davisi), Manu- 
muskin, 15 Sept. °02 (CNC). PENNSYL- 
VANIA—2 4¢, 2 92, Centre Co., Scotia Bar- 
rens, 19 July 1990, AGW, taken on Quercus 

ilicifolia (USNM); 15 46, 24 ¢¢, Schuylkill 

Co., Rt. 81, 5 mi. S. Frackville, 22-23 July 
1986, 1 Aug. 1986, 6 July 1988, 15 Sept. 
1990, AGW, taken on Quercus ilicifolia as- 
sociated with Dolichoderus taschenbergi 
tending Lachnus allegheniensis (USNM),; 13 
$8, 9 92, Schuylkill Co., Rt. 81, 5 mi. S. 

Distribution of Schaffneria pilophoroides. O = new records. @ = old records. 

Frackville, 15 Aug. 1986, TJH & AGW, 
taken on Quercus ilicifolia associated with 
Dolichoderus taschenbergi (USNM). 

Schaffneria pilophoroides (Knight) 

Fig. 10-19; map 2 

Ceratocapsus pilophoroides Knight, 1930: 

197; Carvalho, 1958: 48. 

Schaffneria pilophoroides: Knight, 1966: 1; 
Henry and Wheeler, 1988: 400. 

Schaffneria bureni Knight, 1966: 5; Henry 
and Wheeler, 1988: 400. NEW SYN- 
ONYMY. 

Schaffneria schaffneri Knight, 1966: 2; Kel- 

ton, 1980: 213; Henry and Wheeler, 1988: 

400; Wheeler, 1991: 427. NEW SYN- 
ONYMY. 

Diagnosis.—S. pilophoroides is distin- 

guished from S. davisi by the shorter length, 
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Figs. 10-15. Scanning electron microscope micrographs of Schaffneria pilophoroides. 10, lateral aspect of 

head, pronotum, and scutellum (70.5). 11, peritreme and ostiolar evaporative area (285 x). 12, dorsal aspect 

of hemelytra (63.0 x). 13, split-image dorsal aspect of hemelytra (438 x; 1752). 14, claw (925). 15, caudal 

aspect of male genital capsule (247 x). 

more slender body form, the longer 2nd an- 

tennal segment that is much longer than the 

basal width of the pronotum, the longer 3rd 

antennal segment that 1s subequal to or lon- 

ger than the width of the head, the apically 

swollen scutellum that is distinctly raised 

above the level of the hemelytra, and the 

short, slender, apically acute right para- 

mere. 

Knight (1966) separated S. pilophoroides, 
S. schaffneri, and S. bureni entirely on the 

color of the wing membrane and infusca- 

tions on the pronotum and hemelytra. This 

variation occurs in longer series of speci- 

mens, except perhaps the mostly “‘white” 

membrane of S. pilophoroides (holotype), 
which appears abnormally bleached. As 

noted above, specimens vary from reddish 
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Male genitalia of Schaffneria pilophoroides. 16, left paramere. 17, right paramere. 18, aedeagus 

and phallotheca. 19, dorsal edge of male genital aperture. 

brown to almost completely fuscous or 

black. The greatest difference among types 

is the submacropterous condition of the 

hemelytra on the holotype (S. schaffneri) 

from Texas. However, both fully macrop- 

terous and submacropterous individuals are 

found together in series collected in Penn- 

sylvania. Male genitalia are indistinguish- 

able among the types and other specimens 

I have examined. 

Description. — Male (n = 7): Length 2.88- 
3.16 mm, width across base 0.92-0.96 mm, 

width across widest part of corium 1.00- 

1.08 mm. Head: Width 0.76-0.78 mm, ver- 
tex 0.36-0.40 mm. Rostrum: Length 1.28- 

1.32 mm, extending to bases of metacoxae. 

Antenna: Segment I, length 0.30-0.32 mm; 

II, 1.20-1.22 mm; III, 0.74-0.80 mm; IV, 
0.60-0.62 mm. Pronotum: Length 0.66-0.70 

mm, anterior width 0.66-0.70 mm, poste- 

rior width 0.94-0.98 mm. 

Female (n = 7): Length 2.92-3.20 mm, 

basal width 0.98-1.04 mm, width across 

widest part of corium |.22-—1.38 mm. Head: 

Width 0.80-0.82 mm, vertex 0.38-0.44 mm. 

Rostrum: Length 1.32-1.34 mm. Antenna: 

Segment I, length 0.30-0.32 mm; II, 1.12- 

1.20 mm; III, 0.74-0.76 mm; IV, 0.62-0.64 
mm. Pronotum: Length 0.66-0.76 mm, an- 

terior width 0.64-0.74, posterior width 

0.96-1.04 mm. 

General coloration fuscous to reddish 
brown. Head fuscous to reddish brown, 
finely alutaceous, weakly shiny, with a few 

scattered erect setae. Antenna uniformly 

brown, but segments III, 1V, and apical half 

of II often fuscous. Pronotum impunctate, 

black to reddish brown, shiny, finely alu- 
taceous, moderately convex, disc and an- 

terior half evenly rounded, with a single 

bristlelike seta at each anterior angle and a 

few scattered, short, reclining and semierect 
setae. Scutellum fuscous to reddish brown, 

uniformly shiny, basal third arched upward 
to meet base of pronotum, distal two thirds 

bulbous, swollen above level of hemelytra. 

Hemelytra bicolored (i.e. reddish brown ba- 

sally; fuscous apically) to uniformly fuscous 
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to black, lateral margins of basal half sub- 

parallel but gradually widening apically to 

middle of corium, then more abruptly flared 

around to cuneus; clavus and basal half of 
corium dulled or matlike (Fig. 12), but see 

Fig. 13; narrow area through middle of cla- 

vus and corium (dulled area) with a glau- 

cous sheen, base and apex of clavus usually 

fuscous and paler through middle; apical 
half black to reddish brown and polished, 

including embolium, apical half of corium 
outside radial vein, and cuneus; membrane 
fumate to fuscous, narrowly pale basally 

along margin of cuneus. Ventral surface pol- 

ished, black to reddish brown. Male geni- 

talia: Left paramere (Fig. 16); right para- 
mere (Fig. 17); aedeagus and phallotheca 

(Fig. 18); dorsal edge of genital aperture (Fig. 

19). 

Remarks. — Like S. davisi, this species has 

several color forms. Specimens taken with 

S. davisi and associated with the uniformly 
black ant Dolichoderus taschenbergi in 

Pennsylvania are mostly fuscous to black, 

with some specimens sometimes dark red- 

dish brown through the middle of the hem- 

elytra. Specimens from Georgia and Texas 

are more uniformly brown to reddish brown, 

suggesting that they associate with paler- 

colored ants. 

Distribution (Map 2).—Kansas (Knight 

1930); Louisiana (Knight 1966, as S. bure- 
ni); Texas (Knight 1966, as S. schaffneri); 

Alberta and Saskatchewan (Kelton 1980, as 

S. schaffneri), Maine and Pennsylvania 

(Wheeler 1991, as S. schaffneri). Wheeler 

(1991) and Henry and Froeschner (1992) 

noted that Henry and Wheeler (1988) in- 

correctly listed Arizona for the Alberta rec- 
ord of this species (as S. schaffneri). Georgia 
is anew USS. state record. 

Hosts and habits.—S. pilophoroides has 
been taken on the ground under Juniperus 

virginiana L. (Knight 1966), from the grass 
Beckmannia syzigachne (Steud.) Fern. (Kel- 

ton 1980), and on Quercus ilicifolia Wan- 

genh. (Wheeler 1991). 

Like S. davisi, this species is associated 
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with certain ants rather than a particular 

host plant. Wheeler (1991) reported an ant- 

aphid association similar to that of S. davisi, 

and commented that the defensive habits 
of these two mirids are probably similar. 

It is of interest that the holotype of S. 

bureni was collected by the ant specialist W. 

F. Buren (Knight 1966). A. G. Wheeler (pers. 

comm.) informed me soon after his initial 

discovery of S. davisi and S. pilophoroides 
that the best way to find these bugs was to 

first look for foraging Dolichoderus ants. 

Specimens examined.—CANADA: AL- 

BERTA—1 4, Elkwater Park, 29 July 1952, 
A. R. Brooks (CNC); 1 &, Kenosee. SAS- 

KATCHEWAN—19 July 1958, A. & J. 
Brooks (CNC); UNITED STATES: GEOR- 

GIA—1 4, Crawford Co., 10 Oct. 1938, W. 

F. Turner (USNM); | 4, Peach Co., 12 July 

1943, W. F. Turner, at light (USNM). KAN- 

SAS—holotype 2 (of C. pilophoroides), To- 

peka, Popenoe, H. H. Knight colln. (USNM). 

LOUISIANA—holotype ¢ (of S. bureni), 

Alexandria, 8 June 1943, Wm. F. Buren, H. 

H. Knight colln. (USNM). MAINE—1 2, 
York Co., Waterboro Barrens, 7 Aug. 1990, 

A. G. Wheeler, Jr. (AGW), taken on Quer- 

cus ilicifolla (USNM). PENNSYLVA- 

NIA—3 42, 4 99, Schuylkill Co., Rt. 81, 5 

mi. S. Frackville, 22-23 Jul. 1986, 1 Aug. 

1986, 6 July 1988, AGW, taken on Quercus 
ilicifolia associated with Dolichoderus ta- 

schenbergi (USNM); 5 22, Schuylkill Co., 

Rt. 81, 5 mi. S. Frackville, 15 Aug. 1986, 

T. J. Henry & AGW, taken on Quercus il- 

icifolia associated with Dolichoderus tas- 

chenbergi (USNM). TEXAS—holotype 4, 

allotype °, 7 ¢ paratypes, 3 2 paratypes (of 

S. schaffneri), College Station, 19 Oct. 1963 

& 17 & 29 Mar. 1965, J. C. Schaffner (CNC, 

USNM). 
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PNIRONTIS GRANDIS N. SP. (HETEROPTERA: 
REDUVIIDAE: STENOPODAINAE) 
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Abstract. —Pnirontis grandis sp. nov., is described, illustrated, and compared with its 

congeners over 16.0 mm. 

Key Words: 

INTRODUCTION 

A new species of Pnirontis was found 

among specimens of Seridentus in my col- 
lection. In Pnirontis the first antennal seg- 

ment is produced in a spine beyond the in- 

sertion of the second segment. In Seridentus 

the first antennal segment is linear. The new 
species belongs in the /nermis group (Mal- 

donado 1986) because its first antennal seg- 

ment is unarmed underneath. 

The name setigerous spine 1s abbreviated 
s-spine throughout the text. Measurements 

are given in mm. 

Pnirontis grandis Maldonado sp. nov. 

Figs. 1-8 

Male.—Overall color stramineous; head 

(Figs. 1, 2), anterior legs (Fig. 3), pronotum, 
abdomen pale brown ventrally; scutellum 

brown; corium, discal cell and membrane 

hyaline; inner margin of clavus, most of 1n- 

ner vein of discal cell, spots along both mar- 

gins of cells of membrane, and antenna 

brown; vertical area above acetabular su- 
ture, apical angles of connexival segments 

black; disc of membranal cells white. 
Head.—Shorter than pronotum (2.62: 

3.00), anterior lobe of head to base of an- 

tennophore equal to posterior (0.81); width 

Reduviidae, Stenopodainae, Pnirontis grandis sp. nov., Brazil 

across eyes 1.31, interocular space 0.56, 

length of eye on dorsal view 0.68, eyes sur- 

passing lower margin of head. Antennal seg- 

ments; Ie 18s 0 181 IO S6s DV 1225: 
apical spine of I about '4 of segment (0.25: 
1.81), lower and inner margins of I finely 

setose, setae slightly shorter than diameter 

of segment; II-IV segments slender, with 

abundant, very short pilosity. Gena sharply 

porrect, reaching basal fourth of I antennal 

segment including base; margin unarmed 

ventrally, lower margin of anteocular lobe 

with two irregular rows of small and very 

small s-spines. Jugae short, slender, slightly 

surpassing antennophores; tylus slender, 

surpassing Jugae by half a jugal length. Be- 

hind antennophore with a short, frontolat- 

eral s-spine, projected upward at about 45°. 

Interocular sulcus forming a zig-zag pattern 

(Fig. 2), at narrowest space between eyes. 

Ocelli relatively large, almost as wide as 

width of I antennal segment, separated by 

twice an ocellar width. Ventrolateral margin 

of postocular lobe with 5 simple and one or 

two bifurcate s-spines. Rostral segments: I, 

1.87, If and III 0.43; I surpassing level of 

posterior margin of eye by 0.5 mm. Pro- 

notum (Fig. 5)—length 3.06, humeral width 

2.50, length of anterior lobe 2.00, width 

across bases of anterior spines 0.93; anterior 
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<a 
Sra eran ey 

Figs 1-8. Pnirontis grandis n. sp., holotype, male. 1, head, lateral aspect. 2, head, dorsal aspect. 3, fore leg, 

lateral aspect. 4, segments 3 and 4, lateral margin of abdomen, dorsal aspect. 5, pronotum, dorsal view and 

caudal aspect of posterior margin. 6, apex of abdomen, ventral aspect. 7, same, lateral aspect. 8, genital capsule, 

caudal aspect. All scale lines 1.00 mm. 
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angles projected forward sharply; anterior 

lobe—lateral margins feebly carinate to be- 

fore base, longitudinal sulcus just reaching 

transverse constriction, deeper near base and 

apically, base of lobe with two smooth, dark, 
comma-shaped areas; acetabula produced 

anteriorly into a sharp, long, whitish spine; 
posterior lobe—length at midline 1.60; sur- 

face mostly smooth, disc slightly rising to- 
ward base, suddenly dropping to basal mar- 

gin, with | + 1 oval elevations on this slope; 
humeral areas elevated above and before 

humeral angles. Anterior legs (Fig. 3)—cox- 

ae 0.62 long, globose; trochanter 0.93 long, 

elongate triangular on ventral view, scat- 
tered microsetose; femur—3.87 long; ven- 
tral series of spines set on carina, three suc- 

cessively longer spines, the apical the longest, 
0.81 long, almost twice as long as diameter 

of segment, the middle about as long as di- 
ameter of segment, the basal about ' thick- 

ness of segment; | or 2 small s-spines before 

the basal spine, 6 or 7 after the apical, be- 

tween the longer spines with whitish micro- 

setae in single file; posterior series consisting 
of one preapical spine, longer than thickness 

of femur and a slightly shorter middle spine; 
tibia—strongly curved, about 3.31 long; ar- 

mature consisting of an inner and an outer 

curved spine, both almost three times as 

long as thickness of segment; a preapical, 

triangular appendix; tarsi 1.0 long, third tar- 
sal segment as long as first and second to- 

gether; claws 0.12. Middle legs missing. Hind 

leg—coxa barrel-shaped, 0.75 long; tro- 

chanter length 0.75, triangular; femur 2.40 

long, unarmed, straight; tibia length 4.00, 

straight, unarmed, with decumbent micro- 

setae along ventral surface. Mesosternum 

longer than metasternum (1.63:1.18), both 

flat. Hemelytra reaching basal *% of last ter- 

gum; from costal margin to R slightly chi- 

tinized to apex of pterostigma; remaining 

parts membranous. Scutellum relatively 

narrow (1.63:0.94), smooth. Abdomen— 

length 11.12; almost parallel-sided, slightly 

wider along fourth segment; apical lateral 

angles slightly raised, slightly and angularly 
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produced laterally (Fig. 4); connexivum 

narrow; last abdominal segment 2.62 wide 

at base, length 2.37; hind margin deeply 

concave, interrupted medianly over hypop- 

gyium (Fig. 6). 
Genital segments as in Figs. 6-8: claspers 

slender, almost touching each other at mid- 

line. Length of body 17.5. 

Holotype.— Male, BRAZIL, Boracoa, 

Nov. 2, 1963, M. Diaz Piferrer collector. 

Deposited in the National Museum of Nat- 

ural History, Washington D.C. The trivial 

name (grandis L. = large) makes reference 
to the large size of the species. 

Pnirontis grandis belongs 1n group I (sub- 

inermis group) because its first antennal seg- 

ment is unarmed below. This segment is 

armed below in the other two (Maldonado 

1986) unnamed groups: II, with two series 

of spines on the fore tibia and III, with the 

inner series only. There are six other species 

16 mm or over in the genus: P. similis Os- 

born, 17.0, belongs in group II and P. elon- 

gata Osborn, 16.0, in III. The other five 
species belong in group I. 

IDENTIFICATION OF PNIRONTIS 

SPECIES 16 MM OR MORE 

1. First antennal segment armed below (groups II 

ang) soso. 2 

First antennal segment ‘unarmed below (group 

Wier ersegesireen yt atte cece ake wit? 3 

Protibia with 2 2 rows RBOTroines (group II): 17. 00, 

Bolivia ...... : _P. similis Barber 

Protibia with then inner row of spines only (group 

TN) 6:05 Brazil) nen oss P. elongata Barber 

3. Protibia with the inner row of spines only; tylus 

exposed. jnaa. aoe 4 

Protibia wit two rows (ots spines; jugae cov- 

ering tylus, extended as two long spines be- 

tween antennae P. demerarae Haviland 

4. Apical angles of connexivum produced, folia- 

tN 

ceous; abdominal margin undulate ........ 5) 

Apical angles of connexivum slightly or not 

produced; abdominal margin straight . ite 6 

5. Clavus and corium extensively ommaniented with 

brown; 22.5, Brazil ........ P. beieri Wygodzinsky 

Clavus and corium pale, not ornamented; 18.0, 

Brazile er Bete on aa garcecom ene P. scutellaris Stal 

6. Head longer than pronotum; 18.5, Brazil 

ee ee RE ee P. acuminata Barber 
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Head shorter than pronotum; 17.0, Suriname 

RRA Onno Crea doch one aot P. grandis n. sp. 

When in doubt about the size, as after all 

this is a somewhat artificial character, Bar- 

ber’s’ key to the species of Pnirontis (1929: 

172) or my key to the species in the subiner- 

mis group should be consulted. 
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Abstract. —Seridentus amarginatus n. sp., Stenopodainae, is described from Suriname. 

A couplet to separate Seridentus from Ctenotrachelus and a key to the species in the first 

genus are given. 

Key Words: 

INTRODUCTION 

Barber (1930) studied a paratype of Ser- 

identus denticulatus Osborn and described 
S. consimilis. Because in couplet 10 he de- 

scribed the pronotum as “never twice as 

long as head, most often but little longer,” 
he ran Seridentus to couplet 18 of his generic 

key to the New World Stenopodainae. The 

pronotum is nearly twice as long as the head, 

so it runs to couplet 11 together with Cren- 

otrachelus. In couplet 14, to run to couplet 
18, Barber says ‘‘Head, pronotum, and legs 

devoid of granules... .’’ The bases of the 

relatively abundant s-spines, which he did 

not mention, certainly give the body of Ser- 

identus species a granulose appearance. 

Setigerous spines are very Common among 

the stenopodaines. In the text the name is 

shortened to “s-spines.’’ These consist of a 

base and an apical seta. The base can be 

short or relatively long, truncate conical or 

hemispherical, and the seta short or long in 

relation to the base. 

The holotype of S. denticulatus is depos- 

ited in the collection of The Ohio State Uni- 
versity and is illustrated below. The type of 

the new species herein described is depos- 

ited in the National Museum of Natural 

Reduviidae, Stenopodainae, Seridentus amarginatus n. sp., Suriname, key 

History (NMNH) in Washington, D.C. 
Measurements are in mm. 

DISCUSSION 

On the basis of the present study Achillas 
Torre Bueno, Ctenotrachelus and Seriden- 

tus Should run to couplet 11 in Barber’s key. 

Achillas has the apical angles of connexival 

segments spinous, foliaceous. The last two 

have the apex of the connexival segments 

entire or slightly produced. Seridentus and 

Ctenotrachelus can be separated by the cou- 

plet given below (to be inserted between 

couplets 11 and 12); it amounts to redes- 

criptions of these two genera because the 

characters used were unmentioned by Os- 

born and only in some used by Barber. 

CHARACTERS TO SEPARATE 

CTENOTRACHELUS FROM SERIDENTUS 

lla. Head relatively broad and short, anteocular 

space as long or slightly shorter than post- 

ocular space; eyes globular, relatively large, 

well surpassing lower margin of head; anten- 

nophore with a lateral compound spine; two 

lines of s-spines on ventral side of head 

slightly surpassing the anterior and posterior 

margins of eyes, spines about half as long as 

posteroventral s-spines behind eyes; scutel- 

lar spine angularly raised or vertical, meta- 
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scutellar spine semivertical, cylindrical, sep- 

arated from the scutellum; armature of lower 

surface of profemora consisting of scattered 

s-spines; profemur moderately incrassate; 

apical angles of last tergum of females slight- 
ly foliate; spongy fossa small, on surface of 

truncate apex; anterior legs with third tarsal 

segment twice as long as first two together .. 

Pea ruta diss cot sensiee renee Seridentus Osborn 

Head relatively elongate, anteocular space 

twice as long as postocular space; eyes hemi- 

spherical, smaller, level with lower margin 

of head; antennophore without a lateral spine; 

s-spines on ventral side of head much small- 

er than the ventrolateral behind eyes, a small 

number of spines grouped behind buccula 

and another similar group at basal end of 

gula, before collum; scutellar spine horizon- 

tal, metascutellar spine small, a mere point 

visible above level of resting fore wings, close 

to scutellar apex; armature of profemora 

consisting of quite short, abundant spines 

gradually shortening in length from base to 

apical end; profemur slightly incrassate; api- 

cal angles of last tergum sharp; spongy fossa 

about '4 length of segment, marginal; ante- 

rior legs with third tarsal segment slightly 

longer than first two together .. Dahan 

ih TAMA eee SO Ctenotrachelus Stal 

The species in Seridentus are more dense- 

ly granulose that those in Ctenotrachelus. 

Seridentus amarginatus sp. nov. and S. den- 
ticulatus have two rows of s-spines on the 

lower surface of the head, between the eyes, 

a useful character not mentioned before. The 

male genital capsule of S. amarginatus has 

two projections or apodemes on the margin 

of the inner surface (Figs. 12, 13) for holding 
in place but allowing movement of the par- 

ameres. This character is not present in S. 

denticulatus. It may have passed unnoticed 

until now among all reduviid genera. 

KEY TO THE SPECIES IN SERIDENTUS 

1. Head, pronotum and hemelytra blackish; 

s-spines ventrolaterally behind eyes short, 

slightly longer than thickness of first antennal 

segment; pronotal lateral margins with s-spines; 

length slightly less than 17.5 mm; Brasil 

S. havilandi Costa Lima and Campos Seabra 

Head, pronotum and hemelytra dark fuscous 

or stramineous; spines behind eyes longer, al- 

most twice as long as described above; pronotal 
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lateral margins with or without s-spines; length 

192 O;mmlorimOLrey cess roscoe eaters 2 

Lateral margins of pronotum without s-spines; 

head and pronotum stramineous or mostly 

stramineous 

Lateral margins of pronotum with a row of 
s-spines; head and pronotum fuscous, dark ... 4 

3. Pronotum less than twice as long as head (4.69: 

2.50); head and lobes of pronotum stramineous 

or grayish, unmarked with fuscous; anterior 

coxae and trochanters stramineous, unmarked; 

6 pairs of s-spines ventrally between eyes and 

4 ventrolaterally behind eyes; apical angles of 

last three connexival segments only short 

spined; length 19.8; Suriname 

Rae ee eee S. amarginatus Maldonado, n. sp. 

Pronotum slightly over twice as long as head, 

stramineous, fuscous on either side of narrow, 

median line; anterior coxa, trochanter below, 

and base of femora fuscous; 3 postocular 

s-spines; apical angles of all connexival seg- 

ments with black, acute, nearly erect black spine; 

length 20.0; Cayenne .......S. consimilis Barber 

4. Jugae and scutellar spine porrect; clavus, co- 

rium, and membrane profusely spotted with 

brown; length 19.00; Guyana .............. 

ee ne ae ery aie Pen ee S. maculosus (Haviland) 

Jugae and scutellar spine almost erect; clavus, 

corium, and membrane sparsely spotted with 

brown; length 21.00; Guyana . 

ASS SRE Agel eee S. denticulatus Osborn 

N 

Seridentus amarginatus 

Maldonado sp. nov. 

Figs. 8-16 

Male.—Overall color brownish. Hemel- 

ytra with conspicuous whitish-yellow areas, 
legs stramineous. Head stramineous, ocellar 

area and ocelli brownish; antennae stra- 

mineous, I segment with an apical brown 

band, II biannulate; others missing. Ros- 

trum —segment I with basal '4 stramineous, 

apical *%4 of I, and II and III very dark gray. 

Collum gray. Pronotum—anterior lobe 
above and laterally gray, glabrous dorsal ar- 

eas dark gray or very pale brown; lateral 

margin of prosternum with black s-spines; 

ventral anterior angle black, projected into 

a long, mostly black spine; posterior lobe 

above and laterally pale stramineous; from 

humeral angle to lateral angles of scutellum 

mostly pale. 
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Figs. 1-7. Seridentus denticulatus Osborn, male holotype. 1, genital capsule, dorsal view. 2, genital capsule, 

lateral view. 3, scutellum and metascutellum, lateral view. 4, scutellum, dorsal view. 5, apex of protibia and 

tarsus, lateral view. 6, abdomen and hemelytra, dorsal view. 7, head and part of pronotum, lateral view. 
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Figs. 8-17. Seridentus amarginatus sp. nov., male holotype. 8, apex of protibia and tarsus, lateral view 

(arrow: spongy fossa). 9, scutellum and metascutellum, lateral view. 10, head and part of pronotum, lateral view 

(arrow: faint lateral margin). 11, aedeagus, lateral view. 12, detail of inner upper margin of genital capsule. 13, 

genital capsule, dorsal view. 14, aedeagus, dorsolateral view. 15, paramere, dorsal view. 16, genital capsule, 

lateral view. 17, abdomen and hemelytra, dorsal view. 
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Fore legs (Fig. 8) mostly stramineous; coxa 

and trochanter dark gray, same shade as ros- 

trum; base and slanted short band at mid- 

length of femur and apical band of left tibia 
dark gray, of right tibia pale brown; middle 

and hind legs stramineous, coxae striped 

with brown, ventral surface of trochanters 

brown; femora with ventral black preapical 

spot; apex of tarsi brown. Scutellum (Fig. 

9) dark gray, apex dark brown; meso- and 

metascutum blackish brown. Hemelytra— 

base color pale brown, area between apex 

of scutellum to discal hexagonal cell whit- 

ish-yellow, outer marginal area of mem- 

brane brownish and spotted with yellow, 

inner marginal area yellowish white. Meso- 

and metapleurae gray above, blackish 

brown; gray areas and area above acetab- 

ulum with very short, black based, vertical 

microsetae. Prosternum gray, glabrous; with 

a marginal row of s-spines; meso- and meta- 
sternum dark gray, both covered with short, 

silvery, decumbent microsetae. Abdo- 
men—first visible sternum brown, with a 

few yellowish areas; second to basal half of 

penultimate stramineous, reticulate with 

brown; last sternum mostly brown; last ter- 

gum stramineous, profusely ornamented 

with brown. 

Head (Fig. 10)—length 2.50; anteocular 

space 0.56, postocular space 0.50; width of 

interocular space at narrowest point 0.75; 

width of eye 0.53, length of eye 0.68, sur- 

passing by '4 its diameter the lower surface 

of the head; from interocular sulcus to apex 

of head 1.37; width behind eyes 1.75, width 

in front of eyes 0.87; gena produced but not 

surpassing apex of head; 4 s-spines on gena; 
ventrolaterally behind eyes with 5 long 

s-spines, continuing as a row of small glob- 

ular s-spines along the posterior margin of 
head; 5 pairs of s-spines below eyes; tylus 

reaching basal |, of first antennal segment; 
collum 0.37. Antennal segments: I, 1.87; II, 
3.56, moderately pilose, setae slightly longer 

than diameter of segment; III and IV seg- 

ments missing. 

Pronotum—length 4.69; anterior lobe— 
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length 2.62, width across anterior angles 

1.09, width across transverse sulcus 2.06, 
anterior angles rounded, lateral margins un- 

armed and rounded; sulcus along posterior 

half, beginning and ending with a short 

elongate depression; anterior margin of ac- 
etabulum with 3 or 4 s-spines:; posterior 

lobe—length 2.06, width at humeral angles 

2.75, posterior margin slightly concave 

above scutellum; surface of anterior half of 

anterior lobe very finely granulose, poste- 

rior half with a pattern of glabrose tracts 

between rows of granulose areas. Proster- 

num concave longitudinally, margined with 

a conspicuous row of blackish s-spines with 

elongate bases and short setae. Scutellum — 

basal width 1.00, length to base of apical 
spine 0.87, to apex of apical spine 1.56, api- 

cal spine raised at about 45°, metascutum 

with a vertical blunt spine. Fore leg—coxa 

length 0.87, shghtly thicker basally than api- 

cally, 0.50:0.43; trochanter length 0.81, with 

some blunt, short, ventral spines; femur pi- 

lose, incrassate, length 4.56, greatest width 

0.87, suboval in cross section, dorsal surface 

with a row of blunt and s-spines on both 

sides of a glabrous stripe, anterior and pos- 

terior surfaces with scarce, short, decum- 

bent pilosity; ventral armature—along an- 

terior margin consisting of a row of short 

s-spines, every 3 or 5 spines a shorter, sim- 

ilar spine; posterior margin consisting of a 

row of well spaced, short, s-spines with al- 

most globular bases; tibia—straight, slightly 
swollen apically; spongy fossa apical, half 

as long as first tarsal segment (0.70:0.14); 

vertical and decumbent, fine, pilose, pilos- 

ity shorter than diameter of segment, one 

or two longer black s-spines on black an- 

nulus; tarsi—I, 0.28; II, 0.37; II, 1.00, 

curved; claws curved, thickened basally. 

Middle and hind legs— middle coxae about 

3x from first than from third (4.37:1.50): 

lengths 3.31, 5.62; both tibiae slightly thick- 

ened apically (0.43); middle and hind fem- 
ora and tibiae 4.00, 6.25 and 3.75, 6.00 re- 

spectively; middle coxae and trochanters 

unarmed. Abdomen (Fig. 17) with straight 
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margins, slightly widening to apex of last 

tergum. First connexival segments with un- 

armed apical angles, last three short spined; 

last tergum with a lateral, globular elevation 

before apical angle; greatest width across last 

tergum, 3.25 mm. Total body length 19.8 

mm. Genitalia as in Figs. 11-16. 

Holotype—male, SURINAME, Broto 

Naidi, 19-xii-1976; G. F. Meese collector. 

In NMNH. 
The trivial name amarginatus refers to 

the lack of a well-defined lateral pronotal 

margin. This is defined in the other species 

and with a row of s-spines in 2 of the species 

as detailed in key. 

Seridentus consimilis Barber 

Seridentus consimilis Barber 1930, X: 208. 

Cayenne, one male. 

The spined connexival segments, the three 

s-spines posteroventrally behind eyes, pro- 

notum slightly over twice as long as head, 
and the very long prosternal spine identify 

this species. 

Seridentus denticulatus Osborn 

Figs. 1-5 

Seridentus denticulatus Osborn 1904, 5: 203. 

One male and one paratype. Guyana. 

Length 19.0; greatest width of prothorax 

2.3, pronotum and lateral margins with con- 

spicuous fuscous s-spines, width of last ab- 

dominal segment 2.3 mm. One specimen 

from Suriname in my collection compared 

with the types. This species is very close to 

S. maculosus. 

Seridentus havilandi 

Costa Lima & Campos Seabra 

Seridentus havilandi Costa Lima & Campos 

Seabra 1945, 43: 156. Brazil, one male. 
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Its authors say that this species could be 

synonym of S. maculosus. The published 

short, insufficient descriptions of both spe- 

cies are not adequate to evaluate their status 

without studying types. 

Seridentus maculosus (Haviland) 

Gnathobleda maculosa Haviland, 1931: 136, 

140. Kartabo, two males. 

Seridentus maculosus: Wygodzinsky, 1949: 

69. 

Haviland’s drawing 46d shows a pale head 

and pronotum but in the text (p. 140) he 

says “pitchy-brown.” In the same drawing 
the foliate apical angles of the last tergum 

clearly indicate that this species belongs in 

Seridentus. 
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THE TRIBAL PLACEMENT OF XENOGENUS 
(HEMIPTERA: RHOPALIDAE: RHOPALINAE) 

CARL W. SCHAEFER 

Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, 
Connecticut 06269-3043. 

Abstract.— Xenogenus Berg, 1883, is returned to the Chorosomatini. It had been re- 

moved therefrom to the Harmostini, based upon overall similarity. However, cladistic 

evidence indicates that the genus belongs in Chorosomatini. Yenogenus shares two apo- 

morphies with members of Chorosomatini, and none with members of Harmostini. 

Key Words: 

When Berg (1883) described Yenogenus, 

he placed it in Harmostini. Distant (1893) 

agreed, because Yenogenus, like Harmostes 

and Aufeius (the two members of Harmos- 

tini), has incrassate and spined hind femora. 

Barber (1910) also agreed, writing that Ye- 

nogenus has “the appearance of a long, nar- 

row Harmostes refleculus [sic] (p. 37). In 

erecting Harmostini (for Harmostes and Au- 

feius), Stal (1873: 97) included as defining 
characters incrassate and spined hind fem- 

ora, and a toothlike extension of the prono- 

tum’s anterolateral angles; Yenogenus lacks 

the latter feature. 

In 1967, Chopra transferred Yenogenus 

from Harmostini to Chorosomatini. Gdll- 

ner-Scheiding accepted this transferral in her 
discussion of the genus (1980) and in her 

catalog of the Rhopalidae (1983). Chopra 

(1967) moved XYenogenus to Chorosomatini 

largely because it, and the five other genera 

he included in that tribe, share uniquely ad- 
vanced characters of the male genitalia. 

Moreover, the genus lacks the pronotal ex- 

tension, a defining feature of the Harmos- 
tini. 

However, in a paper not mentioned by 

G6llner-Scheiding (1983), Brailovsky and 

Soria (1980) moved Yenogenus back into 

Chorosomatini, Harmostini, family-group classification, Yenogenus 

Harmostini. They gave two reasons for do- 
ing so: All members of Harmostini are New 

World, but only Yenogenus (of the six gen- 

era in Chorosomatini) is New World. And 

Xenogenus resembles Harmostes and Au- 

feius in both external and internal structure. 

No details of this resemblance are provided, 

and no attempt appears to have been made 

to find similarities between Yenogenus and 
other members of Chorosomatini. 

The general similarities between Yeno- 

genus and members of the Harmostini are 

probably plesiomorphic within the Rho- 

palinae, and are shared with several mem- 

bers of other tribes: the spined and incras- 

sate hind femora (used by Stal in defining 

Harmostini), small size, lightly setose body, 

translucent forewings sometimes speckled 

and/or suffused with red. These general fea- 

tures—to which both Barber (1910) and 

Brailovsky and Soria (1980) presumably re- 

fer—do not uniquely ally the genus and Har- 
mostini. 

The fact that Yenogenus is the only New 

World genus of Chorosomatini does not 

support Brailovsky and Soria’s (1980) con- 

tention that this genus should be removed 

to Harmostini. Although Harmostini is in- 

deed exclusively New World, representa- 
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Table 1. Characters whose apomorphic states define Harmostini or Chorosomatini (from Schaefer and Chopra 

1982), and their condition in Yenogenus (apomorphic states are in boldface). 

Harmostni Nenogenus Chorosomatini 

Parameres broad 

Two pairs ventrolateral conjunctival ap- 

pendages 

Distal ends of second valvulae fused 

Midcephalic sulcus straight 

Female’s ninth tergum with median apodeme 

Peritreme of metathoracic scent gland appa- 

ratus absent 

parameres slender® 

three pairs* 

not fused* 

sulcus Y-shaped® 

without apodeme* 

peritreme reduced” 

parameres slender 

three pairs 

not fused 

sulcus Y-shaped 

without apodeme 

peritreme reduced 

* From Chopra (1967). 

» This paper. 
© From GOllner-Scheiding (1978, Table 1). 

tives of three other rhopaline tribes also oc- 

cur in the New World (Schaefer 1992, 1993), 

as do members of the other subfamily, Ser- 

inethinae (Gd6llner-Scheiding 1983). The 

presence of these rhopalines in the New 

World is the result of at least six invasions 

from the Old World, and the presence of 

NXenogenus in the New has been explained 

similarly (Schaefer 1993). 

Moreover, both Jthamar (Hawaii) and 

Leptoceraea (Palearctic) (both Choroso- 

matini) resemble Harmostini and Yenoge- 

nus, particularly in having spined and in- 

crassate hind femora (Chopra 1967). By the 

“general resemblance” argument they too 

should be placed in Harmostini; and, by the 

distributional argument, they should be ex- 

cluded from this tribe. The two arguments 

of Brailovsky and Soria (1980) tend to be 

contradictory. 
Schaefer and Chopra (1982) analyzed the 

rhopalid tribes cladistically. Those apo- 
morphies defining Harmostini, and Cho- 

rosomatini, and separating the one from the 

other, are listed in Table 1, together with 

the states of those characters in Yenogenus. 

The genus shares with Chorosomatini both 

apomorphies defining that tribe. It possess- 

es none of the four apomorphies that define 

Harmostini. 

I conclude that Yenogenus belongs in 

Chorosomatini, where Chopra (1967) placed 

it. 

ACKNOWLEDGMENTS 

I am grateful to Dr. Luiz A. A. Costa (Rio 

de Janeiro), who sent me the specimens of 

Xenogenus picturatum Berg upon which this 

paper is based. 

LITERATURE CITED 

Barber, H.G. 1910. Some Mexican Hemiptera-Het- 

eroptera new to the fauna of the United States. 

Journal of the New York Entomological Society 

18: 34-39. 

Berg, C. 1883. Addenda et amendanda ad Hemiptera 

Argentina. Anales de la Sociedad Cientifica Ar- 

gentina 15: 241-269. 

Brailovsky, H. and F. Soria. 1980. Contribucion al 

estudio de los Hemiptera-Heteroptera de México: 

XVIII Revision de la tribu Harmostini Stal (Rho- 

palidae) y descripcion de una nueva especie. Ana- 

les del Instituto de Biologia Universidad Nacional 

Autonoma México 51 Series Zoologica 1: 123- 

168. 

Chopra, N. P. 1967. The higher classification of the 

family Rhopalidae (Hemiptera). Transactions of 

the Royal Entomological Society of London 119: 

363-399. 

Distant, W. L. 1893. Insecta. Rhynchota. Hemiptera- 

Heteroptera (Appendix). Volume |. /n Goodman 

and Salvin, eds., Biologia Centrali-Americana. 

London. x + 462 pp. 

GOllner-Scheiding, U. 1978. Revision der Gattung 

Harmostes Burm., 1935 (Heteroptera, Rhopali- 

dae) und einige Bemerkungen zu den Rhopalinae. 

Mitteilungen aus dem Zoologischen Museum in 

Berlin 54: 257-311. 

. 1980. Einige Bemerkungen zu den Gattungen 

Corizus Fallén, 1814, und Yenogenus Berg, 1883 



VOLUME 96, NUMBER 4 

(Heteroptera, Rhopalidae). Mitteilungen aus dem 

Zoologischen Museum in Berlin 56: 111-121. 

. 1983. General-Katalog der Familie Rhopali- 

dae (Heteroptera). Mitteilungen aus dem Zoolo- 

gischen Museum in Berlin 59: 37-189. 

Schaefer, C. W. 1992. The Rhopalinae (Hemiptera: 

Rhopalidae) and the Palearctic. Proceedings of the 

4th European Congress of Entomology (G6d36ll6, 

Hungary) 2: 652-654. 

. 1993. Origins of the New World Rhopalinae 

725 

(Hemiptera: Rhopalidae). Annals of the Ento- 

mological Society of America 86: 127-133. 
Schaefer, C. W. and N. P. Chopra. 1982. Cladistic 

analysis of the Rhopalidae, with a list of food plants. 

Annals of the Entomological Society of America 

75: 224-233. 

Stal, C. 1873. Enumeratio Hemipterorum. Part 3. 

Kongliga Svenska Vetenskaps-Akademiens 

Handlingar, pp. 1-163. 



PROC. ENTOMOL. SOC. WASH. 
96(4), 1994, pp. 726-734 

TRANSFER OF PETROPHILA DRUMALIS (DYAR) TO ARGYRACTIS 
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Abstract. —Petrophila drumalis (Dyar) is transferred to Argyractis, new combination. P. 

drumalis was found to be more closely related to 4. subornata (Hampson) than to other 

species presently in Petrophila on the basis of biology and morphology of the larvae. The 

larvae of both species share the presence of ventral tubercles on the metathorax and 

abdominal segments 1-10 which has not been reported in any other nymphuline. A 

description and illustrations of the larva and adult genitalia of Argyractis subornata (Hamp- 

son) are provided. The distribution and usefulness of some adult characters previously 

used to define genera are discussed. 

Key Words: 
Eichhornia crassipes 

INTRODUCTION 

Petrophila drumalis (Dyar) 1s a species 

endemic to Florida (Munroe 1972). The lar- 

vae have been found feeding on water-let- 

tuce (Pistia stratiotes L.) and waterlilies 

(Nymphaea spp.). Dray et al. (1989) de- 

scribed the immature stages of P. drumalis 

and pointed out the similarity of the larval 

habits to those of Argyractis subornata 

(Hampson), a species found only in Brazil. 

Argyractis subornata had been found feed- 

ing on the root hairs of water hyacinths 

(Eichhornia crassipes (Martius) Solms-Lau- 

bach) (Forno 1983). Dray et al. (1989) also 

briefly contrasted the habits of other known 

Petrophila species with those of P. drumalis 

and A. subornata. Our purpose is to test the 

hypothesis that P. drumalis is more closely 

related to 4. swbornata than to other species 

in Petrophila Guilding. 
Because the generic placement of P. dru- 

Waterlettuce, Pistia stratiotes, aquatic caterpillar, Pyralidae, water hyacinth, 

malis was in doubt and because the first 

author was preparing a key to the larvae of 

North American nymphuline genera (Ha- 

beck, in press), there was a need to study 

the morphology of the adults and larvae of 

A. subornata. Therefore, we compared adults 

and where available, immatures of P. dru- 

malis and A. subornata with each other and 
with other members of Petrophila and Ar- 

gyractis. 

Almost all previous taxonomic work in 

the Nymphulinae is based on adult mor- 

phology. Hampson (1897) described the ge- 

nus Argyractis and the type species, argen- 

tilinealis, from Espiritu Santo, Brazil; and 

he described subornata in Cataclysta Htib- 

ner from Sao Paulo, Brazil. After studying 

more material from Asia, Africa, and trop- 

ical America he greatly expanded his con- 

cept of Argyractis and transferred subor- 

nata, among other species, to Argyractis 

(Hampson 1906). 
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Dyar (1906) described Elophila drumalis 

based on one female from Fort Drum, Flor- 

ida. Subsequently, drumalis was transferred 
from Elophila Hiibner to Cataclysta by 

Barnes & McDunnough (1917), to Parar- 

gyractis Lange by Lange (1956), and most 

recently to Petrophila by Munroe (1983). 
Lange (1956), who studied a large number 

of neotropical nymphuline species and 

placed subornata in Argyractis and drumalis 
in Parargyractis, believed Parargyractis [= 

Petrophila sensu Munroe 1972] was closely 

related to an ““Argyractis type.”” But accord- 

ing to Munroe (in press), all species except 

A. argentilinealis are misplaced in Argyr- 

actis, and the rest of the species need new 

generic placement. Evidently a much wider 

taxonomic problem exists requiring revi- 

sion of a number of genera in the Nymphu- 
linae, using both adult and immature char- 

acters, which is beyond the scope of this 

paper. 

MATERIALS AND METHODS 

The following adult material was studied: 

Petrophila: drumalis (Dyar), cappsi (Lange), 

bifascialis (Robinson), confusalis (Walker), 

avernalis (Grote), longipennis (Hampson). 

Argyractis: argentilinealis Hampson, do- 

dalis Schaus, berthalis Schaus, isasusalis 
(Walker), swbhornata (Hampson). The type 

specimens of these species were studied at 

the National Museum of Natural History, 
Smithsonian Institution, Washington, D.C. 

(USNM) and The Natural History Muse- 

um, London, England (BMNH). 

The following larval material was stud- 

ied: Fifteen Argyractis subornata collected 
4-X-1981 on Eichhornia crassipes by I. W. 

Forno at Praia de Leste, Brazil, Petrophila 

drumalis (Dyar), Petrophila fulicalis (Clem- 

ens), P. santafealis (Heppner), and uniden- 
tified Petrophila spp. from Oregon, U.S.A. 

and Honduras. 

REVIEW AND RESULTS 

There has never been a study to docu- 

ment the distribution of adult and larval 

characters and states within the Nymphu- 
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linae and its relatives, therefore, the polarity 

of many characters and their significance at 
various taxonomic levels is unknown. As a 

result, we review the distributions of some 

generic characters as proposed in previous 

faunal studies and compare them to those 

of A. subornata, P. drumalis, and other spe- 

cies in Petrophila and Argyractis. 
The current taxonomy of the Nymphu- 

linae and most Lepidoptera 1s based on adult 

characters, but due to the lack of compre- 

hensive studies of these characters their use- 

fulness can only be surmised. For example, 
Heppner (1976) stated that P. drumalis dif- 

fered from other species of Petrophila in 

having 3 subterminal black spots on the 

hindwing (see Figs. 1-6 in Heppner 1976). 

We found 4. subornata also has 3 subter- 

minal spots, although in some specimens 

they appear as a single line. 4. argentili- 

nealis, the type species, has at least 5 sub- 

terminal spots and other species presently 

in 4Argyractis lack the 3 subterminal spots. 

Further study may show that the presence 

of the 3 subterminal spots 1s a synapomor- 

phy for 4. subornata and P. drumalis. 

Lange (1956) and Heppner (1976) used 

many characters to define genera that over- 

lap with other taxa in the Nymphulinae. For 

example, Lange (1956), Munroe (1972), and 

Heppner (1976) stated that a distinguishing 

characteristic of adult Petrophila is a closed 

cell of the hindwing that is more than half 

the hindwing length. Study of a wing slide 

preparation (BMNH wing slide #18720) by 

Lange (1956) of the type specimen of 4. 

argentilinealis (Fig. 1) shows that the fore- 
wing cell is about half the hindwing length. 

We found P. drumalis, A. subornata, and 

other species in Argyractis also have a cell 

over half the hindwing length. Therefore, 
this character will not be useful in defining 

Petrophila or other genera investigated in 

this study. 
The polarity of most characters cannot be 

ascertained, i.e. which state is primitive and 
which is/are derived, because the distribu- 

tion of many characters within the Nym- 

phulinae and outside the Nymphulinae has 
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Figs. 1-3. 1, Forewing and hindwing of A. argentilinealis (from Lange 1956). 2, Male genitalia of P. santefealis 

(Heppner) (from Heppner 1976). 3, Male genitalia of P. drumalis (Dyar) (from Heppner 1976). 
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not been documented. For example, the 

placement and form of the gnathos arms of 

the male genitalia. In all species examined 

of Petrophila, except P. drumalis, the distal 

end of the gnathos arms are posterior to the 
junction of the gnathos, tegumen, and uncus 

(Fig. 2). In P. drumalis (Fig. 3) the distal 

end of the gnathos arms is parallel to the 
distal end of the uncus arms at the junction 

of the gnathos, tegumen, and uncus, as in 

A. argentilinealis (Fig. 4), A. subornata (Fig. 

5), and some other species presently as- 

signed to 4Argyractis. E. Munroe (pers. 

comm.) offers the opinion that the “4rgyr- 

actis type” of male genitalia “is a frequent 

and no doubt primitive condition in the 

Nymphulinae and related subfamilies and 
therefore is of doubtful value in defining 

Argyractis.”” A study documenting the dis- 

tribution of these characters is necessary, 

and the more interesting observations will 

be, for example, the distribution of the de- 

rived “non-4rgyractis type” of male geni- 

talia and other states within the Nymphu- 

linae and their usefulness in defining taxa. 

In an effort to find useful generic char- 

acters various authors (Lange 1956a, 

Heppner 1976) have previously described 

for many species the corpus bursae of the 
female genitalia, but not that of 4. subor- 
nata which is illustrated here (Fig. 6). But 

as Lange (1956a, 1956b) pointed out, there 

is much species variation at the base of the 

ductus bursae and in the signa of the corpus 

bursae. We confirmed Lange’s finding that 
in Petrophila (Fig. 8) the signa are absent or 
occur as large spines in various number; but 

the signa present in P. drumalis and A. sub- 
ornata (Figs. 6, 7) are scobinate although 

not strongly so in P. drumalis. The type of 
P. drumalis lacks an abdomen, but Lange 

had identified and dissected a female from 
Florida (U-142 = USNM genitalia slide 
#99121). Freshly caught material from 

Florida was also dissected. Munroe (1972) 

erroneously stated that the corpus bursae of 

P. drumalis was “globular and membra- 
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Table 1. Comparison of Petrophila, and drumalis 

and subornata larvae. 

drumalis and 
Characteristic Petrophila subornata 

Habitat under silk webs __ in shelters on 

on rocks in roots in 

fast moving slow-mov- 

water; lakes, ing water 

stagnant water, 

and hot springs 

(Lange 1956a) 

Food periphyton roots 

Body flattened dorso- —eruciform 

ventrally 

Head prognathous hypognathous 

Gills on lateral margin mid-dorsal to 

subventral 

Ventral tubercles absent present 

Coxae widely separated contiguous or 

close to- 

gether 

Proleg sclerotized present absent 

ring 

Crochets circle penellipse 

nous” (Fig. 7) and was figured as such by 

Heppner (1976). In 4. argentilinealis, the 

type species, the corpus bursae is scobinate, 
but the ductus bursae has spines (Fig. 9) and 

in this respect resembling the condition in 

some Petrophila species. The female geni- 
talia provide defining characters at the spe- 

cies level, but probably not at the generic 

level. 

Very few neotropical nymphuline larvae 

have been described, and no comparative 

work has been done that includes species 

from both hemispheres. Dray et al. (1989) 

described and provided photographs of P. 

drumalis, and compared it with 4. subor- 

nata. In Table 1 we provide a comparison 

of the habitat and larval morphology of Pe- 

trophila with those of A. subornata and P. 
drumalis. The presence of ventral tubercles 

1S a Synapomorphy that strongly supports a 

close relationship between 4. subornata and 

P. drumalis because they are not present in 

other representatives of Petrophila or any 
other known nymphuline. 
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Figs.4,5. 4, Male genitalia of 4. argentilinealis Hampson (from Lange 1956). 5, Male genitalia of A. subornata 

(Hampson). 
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Fig. 6. 

son). 
Female genitalia of 4. subornata (Hamp- 

LARVAL DESCRIPTION 

Because the larva of 4. subornata has not 

been described, we provide figures (Figs. 10- 

16) and the following description: Maxi- 

mum length about 15 mm. Body eruciform, 
not flattened dorsoventrally; creamy pale to 

light brown, unicolorous, except for brown 
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to dark brown claws on thoracic legs and 

crochets. Unbranched filamentous gills 

present on meso- and metathorax and ab- 

dominal segments 1-10. Gills generally as 

long or longer than body diameter. Meta- 

thorax and abdominal segments 1-10 with 

mid-ventral elongate, pointed tubercles. 

Tubercles particularly abundant (50+) in 

the intersegmental areas between prolegs. 

Head: "Hypognathous; yellowish brown 
with 2 short irregular darker brown longi- 

tudinal bands or variable spots between the 

stemmata and the epicranial suture. Fron- 

toclypeal area extending 7 distance to ver- 

tex. Labrum with a shallow obtuse notch; 

setae M1, M2, and L1 normal; seta M3 spat- 

ulate; seta L2 broadly brushlike; seta L3 
narrowly brushlike. Mandible with four api- 

cal teeth and four inconspicuous inner ridg- 
es and a smaller tooth near the two man- 

dibular setae, one of which is much longer 

than the other. Spinneret short, pointed, 

slightly longer than labial palpus. Hypos- 

tomal lobes pointed mesially, nearly touch- 

ing. Seta Fl at same level as F punctures; 

Setae Pl and A3 longest of head setae; Al, 
A2, and A3 almost in a straight line; Al 3 

times as long as A2 and *% as long as A3; 
Al and A2 close together; setae L1 and A3 

as close together as Pl and P2; seta AF2 at 
or near apex of frons:; seta P1 closer to P2 

than to AFI. Six black stemmata, 1-4 with 

distinctly pigmented areas; 2-4 very close 

together. Terminal seta of antenna longer 

than antenna. 

Thorax: Prothoracic shield poorly de- 

fined, but with several brownish spots ar- 

ranged longitudinally about midway be- 

tween ventral and dorsal margins; setae 
XD1, XD2, and SD1 equally spaced on front 

margin; SD2 dorsocaudad of SD1; seta D2 

near posterior margin. Prothoracic spiracle 

vestigial. Lateral and subventral setal groups 

on prothorax bisetose. Lateral setae very 

fine. Prothorax protruding ventrally with 

legs projecting forward and modified for 

clasping stems. Prothoracic coxae broadly 

joined, mesothoracic coxae adjacent and 
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Figs. 7-9. 7, Female genitalia of P. drwmalis (Dyar) (from Heppner 1976). 8, Female genitalia of P. bifascialis 

(Robinson) (from Heppner 1976). 9, Ductus and corpus bursae of 4. argentilinealis Hampson (from Lange 

1956a). 



VOLUME 96, NUMBER 4 733 

Figs. 10-16. Larva of 4. subornata (Hampson). 10, Lateral aspect. 11, Anal plate. 12, Head, anterior aspect. 

13, Sixth abdominal segment, ventral aspect, showing tubercles behind prolegs. 14, Mandible. 15, Crochets. 16, 

Right half of labrum. 

metathoracic coxae slightly separated. D1 
and D2 setae adjacent; SD1 prominent on 

T2 and T3. SV group bisetose on Tl and 

unisetose on T2 and T3. Lateral setae very 

fine and clustered together. T2 and T3 with 

5 and 6 gill groups respectively, one anterior 

to lateral setae, one adjacent to lateral setae, 

one posterior to SD1 and one associated 

with SV setae. SV gill group with 4-6 gills, 
all others with 1-3 gills. In addition, T2 with 

an anterior middorsal group and T3 has an 
anterior and posterior middorsal gill group. 

Abdomen: Vestigial spiracles on Al-8;: 
Al-7 each with 8 gill groups: anterior and 

posterior middorsal, subdorsal, lateral and 

subventral groups. A8 similar but with only 

1 lateral group. A9 with | dorsal and | sub- 

ventral group and A10 with only a subdor- 

sal group. Most setae on abdomen incon- 

spicuous. No sclerotized band around 

prolegs. Crochets in a uniserial, triordinal 

mesal penellipse. Anal shield inconspicu- 

ous, with a median posterior notch. Lateral 

margin of anal shield with gills. Four setae 

on anal shield in an irregular square with 

the 2 posterior setae, L! and D2, slightly 

stouter. SV setal group unisetose on A1, bi- 

setose on A2, A7-8, and trisetose on A3-6. 
V1 setae on inner side of prolegs. L group 

bisetose on A9. Most gill groups on abdo- 

men with 2-4 gills. 

CONCLUSIONS 

This study shows that, based primarily 

on the larval morphology and habits, P. dru- 

malis is more closely related to 4. subornata 

than to other species in Petrophila. In con- 

trast, the adults did not provide substantial 
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information, although the presence of 3 sub- 
terminal spots on the hindwing also suggest 

this relationship, the female genitalia did 

not appear to provide characters to define 

the genera. Nevertheless, we transfer dru- 
malis to Argyractis to provide a better ap- 

proximation of relationship. A generic study 
on a worldwide basis will probably show P. 

drumalis and A. subornata to be congeneric, 

but not with 4. argentilinealis, the type spe- 
cies of Argyractis. 

This brief study of adult and immature 
characters of a subset of the Nymphulinae 

suggests that the aquatic habits and larval 

morphology of nymphulines will probably 

provide more information about the genera 

and their relationships than adult charac- 

ters. A comprehensive study of Petrophila, 
Argyractis, and related genera that includes 

the immature stages is necessary to better 

define the genera and species and their re- 

lationships. As a result, we found it pre- 

mature to describe a new genus for P. dru- 

malis and A. subornata. 
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NEOTROPICAL TINEIDAE, V: THE TINEIDAE OF COCOS ISLAND, 
COSTA RICA (LEPIDOPTERA: TINEOIDEA) 

DONALD R. DAVIS 

Department of Entomology, National Museum of Natural History, Smithsonian Insti- 

tution, Washington, D.C. 20560. 

Abstract. — Five species representing four genera of Tineidae are reported to occur on 

Cocos Island, Costa Rica. All are fully illustrated. An additional species of Opogona is 

also present but not described because of inadequate material. Four species are proposed 

as new: Erechthias hoguei, Lepyrotica acantha, Opogona dimorpha, and Protodarcia co- 

cosensis. Only one of these, L. acantha also from the Galapagos Islands, is known to occur 

elsewhere. A fifth species, Erechthias flavistriata (Wlsm.), is an immigrant that occurs 

widespread through the Pacific area from Cocos Island to Malaysia. Although the sample 

is relatively small, it nevertheless exemplifies the disharmonic nature of the fauna—the 

five species represent four tineid subfamilies. Origins of the Cocos tineid fauna appear 

complex, but the affinities for most of the species are aligned along a standard track from 

the Caribbean to the Galapagos. 

Key Words: 

Cocos is a small volcanic island rising 849 
m in elevation approximately midway 

(5°32'57"N, 86°59'17”’W) between Costa 

Rica and the Galapagos Islands. It is some- 

what kidney-shaped in outline with a length 

of 5.6 km, a width of 5.4 km, and an area 

of 46.6 km? (Fournier 1966, Hogue and Mil- 

ler 1981). Largely as the result of being 
bathed mostly by a warm Equatorial Coun- 

tercurrent (Hertlein 1963), the island lies 

within a wet climatic zone and receives more 

than 60 cm of rain per year, with a moderate 

dry season from January to March. Con- 

sequently, unlike the other predominantly 

xeric oceanic islands near the west coasts of 

Central and northern South America that 
are surrounded by the colder, westward 

flowing Humboldt Current, Cocos Island 

possesses numerous streams and an exten- 
sive wet, tropical forest. Because of its stra- 

tegic location, a knowledge of the insect fau- 

Lepidoptera, Tineidae, Cocos Island, Costa Rica, Galapagos, biogeography 

na of Cocos Island is of biogeographical 

interest. 

To supplement previous, inadequate 

sampling attempts, a terrestrial arthropod 

survey of Cocos Island was initiated by the 

late Charles Hogue in 1975, with a second 

trip conducted by Hogue and Scott Miller 

in 1978 (Hogue and Miller 1981). The tineid 

moths collected on those two expeditions 

form the basis of the present report along 

with smaller samples from other collectors. 

Because the total sampling effort for Micro- 

lepidoptera currently totals less than three 

weeks, our knowledge of this fauna remains 

very sketchy. 

Five species representing four genera of 

Tineidae have been identified from material 

collected thus far. Although the sample is 

relatively small, it nevertheless exemplifies 

the disharmonic nature of the fauna—the 

four genera represent four tineid subfami- 
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lies. Four of the five species were previously 
undescribed. The fifth, Erechthias flavis- 
triata (Wlsm.), is an immigrant that occurs 

widespread through the Pacific area from 

Cocos Island to Malaysia. This species had 
not been reported previously from the New 

World and, thus, may owe its presence on 

Cocos to human transport from Polynesia. 

Similarly, human assisted introduction of 
Erechthias hoguei is also suspected, al- 

though rafting in rotting vegetation from 

Polynesia along the predominantly east- 

ward flowing Equatorial Countercurrent 

cannot be ruled out. The Erechthiinae occur 
widely throughout the Pacific and Indian 
Oceans (Robinson and Nielsen 1993) with 

no species known to be endemic to the 

Americas. Origins for the other Cocos Ti- 

neidae are most likely either Central Amer- 

ica or even the Antilles (Rosen 1976). Some 

could have been carried to the island on 

prevailing winds that blow mostly from the 

northeast during January (Byers 1981). Le- 

pyrotica and Protodarcia are almost exclu- 

sively Caribbean genera that do not occur 

in the Old World. Recent collecting in both 

North and South America indicate that both 

genera are more widespread through the 

Americas. One of the new species, Lepy- 

rotica acantha, also occurs commonly 
through the Galapagos Archipelago. Most 

of the type series of this species were col- 

lected in the Galapagos by Bernard Landry 

in support of an insect survey by Stewart 

Peck (Peck 1991). No other tineid species 

from Cocos Island is represented in the ca. 

20 species known from the Galapagos. The 

pantropical genus Opogona is represented 

on Cocos by one and possibly two species. 

Both superficially resemble species from 

Central and South America. Until the neo- 

tropical, and particularly the Pacific coastal 

tineid fauna has been better surveyed, it will 

not be possible to state whether or not most 

of the new Cocos Island species are endem- 

1s 
Although mainland dispersal to Cocos 

may be the most plausible explanation for 

most of the island’s tineid fauna, such dis- 
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persal may have been influenced by vicar- 

ious events that originated in the eastern 
Pacific, as suggested by Brown et al. (1991). 

Both Cocos (2 m.y.a., Castillo et al. 1988) 

and the Galapagos (3 m.y.a., Christie et al. 
1992) comprise relatively recent, isolated 

oceanic islands produced by a rather stable 

Galapagos hot spot that may have begun 

activity 100 m.y.a. (Duncan et al. 1984). 

The presence of eroded volcanic seamounts, 

particularly along the Carnegie Ridge, in- 
dicate previous islands that may have ap- 

peared throughout the entire history of hot- 

spot activity (Christie et al. 1992). As 

suggested by these authors and previously 

by Holden & Dietz (1972) and Rosen (1975), 

the existence of earlier islands further imply 

a much greater time frame for speciation 

events to occur as well as shorter distances 

for dispersal. Few conclusions can be drawn 

from what little information we have of the 

Tineidae of this region. Basically this study 

agrees with previous observations (e.g. 

Croizat 1958) that Cocos Island is biogeo- 

graphically positioned on a standard track 

between the Galapagos and the Caribbean. 
We now know this tract to be correlated 

with the tectonic history of the region (Ro- 

sen 1976). 

Protodarcia cocosensis, 

New SPECIES 

Figs. 1, 9-12, 34 

Adult (Fig. 1).— Forewing length 3.1-3.7 

mm. 
Head: Rough, all scales piliform with 

acute apices; frons white to cream with 

brownish scales laterally along rim of eye 

and ventrally across base of frons. Vertex 

white to cream with brownish scales be- 

tween antennal bases and on occiput. An- 

tenna equal to forewing in length; scape 

cream, heavily suffused with fuscous; pecten 

consisting of 8-10 brownish bristles; flagel- 
lum with two annuli per segment; scales 

slender with basal annulus fuscous and api- 

cal one cream; annulation indistinct over 

distal fifth. Maxillary palpus 5-segmented, 
mostly cream, sometimes irrorated with 
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Figs. 1-8. Adults. 1, Protodarcia cocosensis, holotype é (3.7 mm). 2, Erechthias flavistriata, 4 (4.8 mm). 3, 
Lepyrotica acantha, holotype é, Galapagos Islands (6 mm). 4, L. acantha, paratype 6, Cocos Island (5.5 mm). 
5, Erechthias hoguei, holotype 4 (3.6 mm). 6, E. hoguei, paratype ¢ (3 mm). 7, Opogona dimorpha, paratype ° 
(5 mm). 8, O. dimorpha, holotype é (3.3 mm). Length of forewing in parentheses. 
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fuscous over basal segments. Labial palpus 

mostly fuscous laterally, white to cream 
mesally, with apex of segment III cream; a 

cluster of dark bristles arising from distal 
half of II. 

Thorax: Pronotum mostly fuscous, 

lightly irrorated with pale buff to cream. 
Venter uniformly pale buff to cream. Fore- 

wing pale buff to cream, almost equally 

marked by numerous small to large patches 

of fuscous scales, resulting in an overall, 
variably spotted to barred pattern; fringe 
irregularly buff to cream. Hindwing uni- 

formly white to cream. Foreleg without 

epiphysis, mostly dark fuscous dorsally and 

cream ventrally with tibia and tarsomeres 

tipped with cream. Midleg similarly marked 

but slightly paler with more buff on femur. 
Hindleg mostly cream to buff with faint in- 

dication of darker scales. Tibial spurs = 

0-2-4. 
Abdomen: Buff brown dorsally, slightly 

paler, more cream ventrally. Male with a 

pair of minute oval glands opening on pleu- 

ra near anterior margin of A3; glands absent 
in female; A8 of male with a pair of short 

coremata; female without corethrogyne. 

Male genitalia (Figs. 9-12): Vinculum a 
narrow ventral ring, not differentiated from 

tegumen; saccus absent. Tegumen and un- 

cus fused, tapering to a simple, setose apex. 

Subscaphium present, slightly sclerotized 
caudally. Gnathos absent. Juxta a faintly 
sclerotized, hour glass-shaped median plate. 

Transtilla weakly developed. Valva simple, 

of relatively uniform width throughout, with 
bluntly rounded apex. Aedoeagus cylindri- 
cal, slightly less than length of valva, with 

numerous, small, apical spines; vesica elon- 

gate, ca. 3x the length of aedoeagus. 
Female genitalia (Fig. 34): Ovipositor 

elongate, telescoping; posterior apophysis 

139 

ca. 2 length of anterior pair. Ostium mod- 

erately broad, simple, continuing as a broad 

tube (antrum) ca. 4-% the total length of 

ductus bursae before constricting to narrow 

tube. Corpus bursae abruptly enlarging into 

long elliptical sack exceeding total length of 

ductus bursae; ductus seminalis joining cor- 
pus near anterior end of ductus bursae; a 

single, curved, plate-like signum present ex- 

tending half way around caudal end of cor- 

pus bursae. 

Larva and pupa unknown. 

Holotype.—é; Wafer Bay, Cocos Island, 

Costa Rica, 17-22 Apr 1975, C. L. Hogue 

(LACM). 
Paratypes.—COSTA RICA: Cocos Is- 

land: Rio Génio: 5 6, 17-22 Apr 1975, C. 

L. Hogue, slides DRD 3301, USNM 21172 

(LACM, USNM). Wafer Bay: 21 4, 1 2, 17- 

22 Apr 1975, C. L. Hogue, slides DRD 3312, 

USNM 22277 (LACM, USNM), 7 4, 2 8, 
24-27 Mar 1978, C. L. Hogue & S. Miller, 

slide USNM 31368 (LACM, USNM). 
Distribution.— Known only from Cocos 

Island. 

Etymology.—The specific name is de- 

rived from the name of the island, Cocos, 

added to the suffix ensis (inhabitant of). 

Discussion. — The genus Protodarcia (type 

species: bicolorella Forbes) currently con- 

sists of four closely allied Caribbean species 

in addition to P. cocosensis. Not included 

is ‘Protodarcia’ argyrophaea Forbes, which 

eventually will be assigned to a new genus. 

I am aware of three other undescribed spe- 

cies in this genus from the southern United 

States and southern Venezuela. Protodarcia 

shows the greatest affinities to Eudarcia, an- 

other member of the Meessiinae. It differs 
from Eudarcia in possessing more slender 

wings (forewing index (W/L) = 0.2 com- 

pared to 0.28 for Eudarcia) and different 

— 

Figs. 9-17. Male genitalia. 9, Protodarcia cocosensis, ventral view. 10, Lateral view. 11, Right valva, mesal 

view. 12, Aedoeagus. 13, Lepyrotica acantha, ventral view, Cocos Island. 14, Lateral view. 15, Aedoeagus. 16, 

Right valva, mesal view. 17, Right valva, mesal view, Galapagos Islands. All scales = 0.5 mm. 
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venation (M1 stalked to RS, Al+2 without 

anal fork). The male genitalia of Protodarcia 

differ in lacking all trace of a gnathos and 
in having the subscaphium partially scler- 

otized. 
The forewing pattern of Protodarcia co- 

cosensis most resembles that of P. p/umella 
(Wlsm.) from the Lesser Antilles. The latter 

can be easily distinguished from P. coco- 

sensis by the presence of paired, spinose sig- 

na in the female holotype of P. p/umella. 

Lepyrotica acantha, NEw SPECIES 

Figs. 3, 4, 13-17, 35 

Adult (Figs. 3, 4).— Forewing length: 4, 4— 
7 mm; 2, 4.5-8 mm. 

Head: Rough, all scales piliform with 

acute apices, white, often with light to heavy 

suffusion of grayish fuscous over vertex and 

occiput. Antenna ca. 0.65 the length of fore- 
wing; scape with prominent dorsal tuft, white 

usually irrorated with fuscous; venter white; 

pecten consisting of 12-16 usually white, 
piliform scales; flagellum with a single an- 

nulus per segment; scales moderately broad, 

mostly white, strongly irrorated with fus- 

cous along anterior surface of flagellum. 
Maxillary palpus 5-segmented, white with 

dark fuscous over dorsal surfaces of basal 

segments. Labial palpus mostly white, lat- 

eral surface of segments I-II dark fuscous 

and with 5-8 dark bristles. 

Thorax: Pronotum white with most 

scales tipped with light golden brown to fus- 

cous. Venter white. Forewing white lightly 

irrorated with fuscous tipped scales and 

small patches of pale golden brown and fus- 

cous; largest patches of fuscous at base and 

basal third of costa, the latter often forming 

a short fascia slanted obliquely forward, as 
well as another shorter fascia sometimes 
present slightly beyond middle of costa 

slanted basally; a moderately large, median 

fuscous spot also present in unrubbed spec- 

imens near wing base; apex and termen 

variably marked with smaller fuscous spots; 
fringe white. Hindwing uniformly gray. Fe- 

male with two frenular bristles, male with 
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one. Foreleg with epiphysis, mostly white 

ventrally with suffusion of gray, dark fus- 

cous dorsally with apices of tibia and tar- 

someres white. Midleg paler; tibia and first 

tarsomere with prominent dorsal bands of 

fuscous. Hindleg mostly white with grayish 
fuscous suffusion dorsally over basal tar- 
someres. Tibial spurs = 0-2-4. 

Abdomen: Pale buff to cream dorsally, 
white ventrally; without specialized scaling 

or glands other than typical tuberculate warts 

laterally on segments I and II. 

Male genitalia (Figs. 13-17): Vinculum 

Y-shaped, with an elongate slender saccus 

ca. 0.6 the length of valva. Uncus consisting 
ofa pair of widely separated, setigerous pads. 

Gnathos a pair of well developed, curved 

arms, weakly connected by a slender, 

U-shaped, median bridge. Juxta a slender, 
well sclerotized, transverse bridge connect- 

ing bases of valvae. Valva elongate, with 

rounded apex and densely setose mesal sur- 

face; sacculus a triangular basal lobe with a 

prominent, stout seta arising from apex. Ae- 

doeagus elongate, ca. 1.2 x length of valva, 

slender, slightly sinuate, indistinctly serrat- 

ed along mid-dorsum, basal '4 more heavily 

sclerotized; cornuti absent. 

Female genitalia (Fig. 35): Ovipositor 

elongate, telescoping; posterior apophysis 
ca. 1.4 the length of anterior pair. Ostium 
relatively small, opening into a short, slight- 

ly sclerotized antrum that constricts and then 

immediately enlarges to form a slightly 

swollen, membranous ductus; walls of duc- 

tus bursae slightly rough due to circular 

ridges. Corpus bursae rather abruptly en- 

larged, elliptical to oval in outline; walls 

sometimes wrinkled, membranous except 

for small, elliptical sclerite at caudal end 

near opening of ductus. 
Larva and pupa unknown. 

Holotype.—é; 4 km SE Pto. Baquarizo, 

Isla San Cristébal, Galapagos, Costa Rica, 
12 Feb 1989, B. Landry, MVL (mercury 

vapor lamp), (CNC). 

Paratypes.—COSTA RICA: Cocos Is- 

land: Chatham Bay: | 9, 8-10 Apr 1979, 2 
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6, 9-11 Apr 1979, R. Silberglied, Malaise 

trap, at light, slides DRD 3297, 3298. Wafer 
Bay: | 6, 1 9, 27 Mar 1978, C. L. Hogue & 

S. Miller, slide USNM 22278, 1 4, 17-22 
Apr 1975, C. L. Hogue. ECUADOR: Ga- 
lapagos Islands: Isla Espanola: Bahia Man- 

zillo: 1 6, 25 Apr 1992, B. Landry, MVL 

{mercury vapor lamp]. Punta Suarez: | 4, 2 

May 1992, B. Landry, MVL. Isla Floreana: 

Las Cueva: | 2, 23 Apr 1992, B. Landry, 
MVL. Isla Isabela: 8.5 km N Pto. Villamil: 

1 2, 11 Mar 1989, B. Landry, MVL. 3 km 

N Sto. Tomas, Agr. Zone: | 2, 8 Mar 1989, 
B. Landry, MVL. V. Darwin, 630 m: 2 4, | 

2, 16 May 1992, B. Landry, MVL. Isla Pin- 

ta: 400 m: | 9, 18 Mar 1992, B. Landry, 

MVL. Isla Rabida: Tourist Trail: 1 4, 3 Apr 

1992, B. Landry, MVL. Isla San Cristobal: 

1 2, 4 km SE Pto. Baquarizo: | 2, 12 Feb 

1989, 1 6, 2 9, 20 Feb 1989, B. Landry, 
MVL. Pto. Baquarizo: | 2, 17 Feb 1989, B. 

Landry, MVP. Isla Santa Cruz: CDRS 
(Charles Darwin Research Station), arid 

zone: 2 4, 17 Jan 1989, 44, 32, 19 Jan 1989, 
1 4,12, 3 Feb 1989, B. Landry, MVL, slides 

USNM 30841, 31361. ECCD [Charles Dar- 
win Research Station]: 4 6, 1 °, 4-6 Mar 

1992, B. Landry, WVL, UVL (ultra violet 

lamp). Finca S. Devine: | 2, 17 Mar 1989, 

B. Landry, slide USNM 31198. Finca Vi- 

leme, 2 km W Bella Vista: 1 4, 1 2, 1 Apr 

1992, B. Landry, MVL. 4 km N Puerto 

Ayora: | 4, 1 2, 20 Jan 1989, B. Landry. Isla 

Santiago: Aquacate, 520 m: 2 4, 3 2, 12 Apr 

1992, B. Landry, MVL. Isla Seymour Norte: 

4 6, 29 Mar 1992, B. Landry, MVL. Para- 
types deposited in BMNH, CNC, B. Lan- 

dry, and USNM. 

Distribution.—Known only from Cocos 
Island and the Galapagos Archipelago. 

Etymology.—The specific name is de- 
rived from the Greek akanthos (thorn, 
spine), in reference to the large spinose seta 

present at the base of the valva. 

Discussion.— This species closely resem- 

bles the other described members of Le- 

pyrotica, a neotropical genus of Tineinae 

currently represented by six species restrict- 
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ed to predominantly xeric habitats in the 

western Antilles. The largest, most atypical 

member of the genus is an undescribed spe- 

cies that I collected in a considerably wetter 

habitat on Cerro de la Neblina at 1850- 

2050 m in southern Venezuela. 

The male genitalia of all members of Le- 

pyrotica are similar in possessing paired, se- 

tose uncus lobes, a paired, slender, armlike 

gnathos, a long, rod-like saccus, and long 

slender valvae and aedoeagi. Lepyrotica 

acantha is the only species with a promi- 

nent, spiniform seta arising from the sac- 

culus. The female genitalia of those species 

examined are similar in possessing a single, 

plate-like signum at the caudal end of the 

corpus bursae. The signum of the unde- 

scribed Venezuelan species is distinct in be- 

ing minutely spinose. The males of some 

species of Lepyrotica, including the type of 

the genus, scardamyctis Meyr., also possess 

a large sternal scale pocket on A7. No such 

pocket exists in L. acanthus. 

The Cocos Island population of L. acan- 

thus is believed to be conspecific with ma- 

terial collected more recently in the Gala- 

pagos Islands by Bernard Landry. The only 

differences noted between the two popula- 

tions were that the apex of the valva was 

tapered more and the saccular spine was 

shorter and more porrect in the Galapagos 

males (Fig. 17). 

Erechthias hoguei, New SPECIES 

Figs. 5, 6, 18-24 

Adult (Figs. 5, 6).— Forewing length, 3.2- 

3.7 mm. 

Head (Fig. 18): Rough, scales piliform 
with acute to narrowly truncate apices; vari- 

able in color from white to brownish fus- 
cous. Antenna |.0-1.2 x length of forewing: 

scape cream to light brown, irrorated with 

dark brown scales dorsally; white ventrally: 
pecten consisting of 4-5 white to light brown 

bristles; flagellum with a single annulus of 
slender, uniformly cream to light brown 

scales per segment. Maxillary palpus 

5-segmented, mostly white, suffused with 
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Figs. 18-24. Erechthias hoguei. 18, Head, anterior view (0.5 mm). 19, Wing venation. 20, Leg structure ad 

mm). 21, Male genitalia, ventral view (0.2 mm). 22, Lateral view. 23, Aedoeagus. 24, Right valva, mesal view. 

Scale lengths in parentheses. 
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light brown dorsally over basal segments. 

Labial palpus dark grayish brown dorsally 

and laterally, white mesally and ventrally, 
with 9-10 dark brown bristles arising most- 

ly laterally from segment II. 

Thorax: Pronotum buff with fuscous suf- 

fusion on tegulae to entirely fuscous. Venter 
white to cream. Forewing variable from 

cream irrorated with mostly scattered, light 
brown to fuscous scales to mostly pale fus- 

cous with 2—3 white spots along cubital fold, 

especially evident in darker specimens; 
darker, fuscous scales concentrated between 

white cubital spots and at apex of discal cell; 
fringe cream with scattered fuscous scales 

to entirely fuscous. Foreleg with epiphysis 

(Fig. 20); fuscous dorsally with tibia and 

tarsomeres tipped with white; white to cream 

ventrally. Midleg paler dorsally with white 

to cream banding equal in width to fuscous 
banding in paler specimens, to mostly dark 

brown with faint cream tipped tarsomeres 

in darker specimens. Hindleg varying from 

uniformly cream to dark brown. Tibial spurs 

= 0-2-4. 

Abdomen: Buff brown to fuscous dor- 

sally; cream to pale brown ventrally. Male 

without coremata. 

Male genitalia (Figs. 21-24): Vinculum 

V-shaped, with a short, slender saccus. Un- 

cus broadly bilobed, indistinctly separated 

from tegumen. Gnathos absent. Subsca- 
phium absent, with a light concentration of 

small spines midventrally. Valva simple, of 

uniform width; apex rounded dorsally, 

curving to relatively acute ventral angle; base 

of valvae fused to U-shaped juxta possess- 

ing a narrow, ventral pocket. Aedoeagus a 

simple cylinder ca. 1.3 x the length of valva; 
a dense concentration of numerous, short 

cornuti clustered in distal half. 
Female, larva, and pupa unknown. 

Holotype.—é; Wafer Bay, Cocos Island, 

Costa Rica, 17-22 Apr 1975, C. L. Hogue, 

slide 3921 (LACM). 

Paratypes.—COSTA RICA: Cocos Is- 

land: Rio Génio: | 6, 17-22 Apr 1975, C. 

L. Hogue, slide 3300. Same data as holo- 
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type: 4 4, slides 3920, 3922, USNM 31194, 

31381. Paratypes deposited in LACM and 

USNM. 
Distribution.—Known only from Cocos 

Island. 

Etymology.—The species is named in 

honor of Charles L. Hogue who collected 

the type series and most of the specimens 

included in this report. 

Discussion.—The scale coloring ob- 

served in the small series available exhib- 
ited unusual variation. However, only one 

species is believed to be represented as at- 

tested by their similar male genitalia. The 

pouch-like juxta associates this species with 

Erechthias, a member of the subfamily Er- 

echthiinae (Robinson and Nielsen 1993). 

Erechthias flavistriata (Wlsm.) 

Figs. 2, 25-28, 36 

Ereunetis flavistriata Walsingham, 1907: 

716.—Swezey, 1909: 9. 

Erechthias flavistriata (Walsingham). — 

Meyrick, 1915: 233.—Robinson and 

Nielsen, 1993: 295. 

Decadarchis flavistriata (Walsingham). — 

Veitch, 1923: 9.—Clarke, 1986: 365. 

Decadarchis euophthalma Meyrick, 1924: 
83. 

Neodecadarchis flavistriata (Walsing- 

ham).—Zimmerman, 1978: 341. 

This widespread species is an obvious in- 

troduction to the Cocos Island fauna. It was 

described originally from Hawaii where it 
is commonly referred to as the sugarcane 

bud moth. Zimmerman (1978) also report- 

ed it from the Marquesas, Rapa, Fiji Is- 

lands, New Hebrides, Kermadec Islands, 

Solomons, Indonesia, and Malaysia. 

Swezey (1909) has provided the best syn- 

opsis of the larval biology. In addition to 

being a pest on live sugarcane and pineapple 

fruit, the larva also feeds on dead leaves of 

palms, bananas, pineapples, and Pandanas. 

The adult is easily recognized by the dig- 

itate costal lobe and nearly truncate apex of 

the male valvae (Fig. 27) and by the rela- 



744 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 



VOLUME 96, NUMBER 4 

tively large, circular signum of the female 
with its externally projecting, digitate lobe 
(Fig. 36). The forewings are typical of most 

of the species in this large, mostly Indo- 
Australian-Pacific genus in possessing 
sharply upturned apices (Fig. 2). 

Material examined.—COCOS ISLAND: 

Wafer Bay: 3 4, 4 9, 17-22 Apr 1975, C. L. 

Hogue, slides SEM 79-47, USNM 31369, 
31370 (LACM, USNM). 

Opogona dimorpha, NEw SPECIES 

Figs. 7, 8, 29-33, 37 

Adult (Figs. 7, 8).—Forewing length: 4, 

2.9-3.7 mm; 2, 4.4—5.4 mm. 
Head: Depressed, smoothly scaled; frons 

cream to buff; vertex and occiput lustrous 

dark grayish brown. Antenna 0.75 the length 

of forewing; scape smooth, same color as 
vertex dorsally, cream ventrally; flagellum 

of male uniformly dark grayish brown dor- 

sally, generally pale buff to cream in female 

except for grayish brown first or second fla- 

gellomeres; one annulus per segment com- 
prised of slender scales. Maxillary palpus 
5-segmented, cream. Labial palpus strongly 
flattened, cream to buff, suffused with dark 
grayish brown dorsally, cream ventrally; 7— 

8 dark bristles arising dorsolaterally along 

segment IT. 

Thorax: Pronotum smooth, same color 

as vertex. Venter pale buff to cream. Fore- 

wing uniformly lustrous dark grayish brown 

similar to vertex and pronotum. Hindwing 

brownish orange in male with grayish brown 

fringe; pale grayish brown in female with 

slightly darker fringe. Frenulum consisting 

of a single stout bristle in male, a pair of 
weaker bristles in female. Foreleg dark gray- 

ish brown dorsally and pale buff ventrally, 

with dorsal apices of tarsomeres buff to 
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cream; epiphysis well developed. Midleg and 

hindleg slightly paler dorsally; tibial spurs 
= 0-2-4. 
Abdomen: Grayish brown dorsally, buff 

to cream ventrally; coremata and coreth- 

rogyne absent. 

Male genitalia (Figs. 29-33): Vinculum 
broadly rounded, without saccus. Tegumen 

not differentiated from vinculum. Uncus 

very distinct, complex, with rather broad, 
setose, lateral lobes and a pair of more re- 

duced, closely adjacent, inner lobes. Gna- 

thos, juxta, and subscaphium absent. Valva 
slender, with a prominent, basal tuft of stout 

setae. Aedoeagus simple, tapering to an acute 

apex, with an elongate, coiled vesica ca. 6 x 

the length of aedoeagus; cornuti absent. 

Female genitalia (Fig. 37): Ovipositor 

elongate, telescoping; posterior apophysis 

ca. 2x the length of anterior pair. Ostium 

moderately broad, simple, continuing in- 

ternally as a moderately broad ductus bur- 

sae to a sphincter-like constriction imme- 

diately caudad ofa slightly swollen, elliptical 

section of ductus with lightly sclerotized 
walls; immediately anterior to latter swell- 

ing corpus bursae begins to enlarge as a cone- 

like sack with flutted walls; anterior end of 
corpus contrastingly membranous; ductus 

seminalis joining corpus bursae at caudal 

end; signa consisting of a pair of elongate, 
serrated rods ca. 0.5 the length of corpus. 

Larva and pupa unknown. 

Holotype.—é; Wafer Bay, Cocos Island, 
Costa Rica, 17-22 Apr 1975, C. L. Hogue 
(LACM). 

Paratypes. —COSTA RICA: Cocos Island: 

Chatham Bay: 7 2, 22 Jan 1967, I. L. Wig- 

gins (CAS); 6 2, 9-11 Apr 1979, R. Silber- 

glied, malaise trap over stream, slide USNM 

31195 (LACM, MCZ, USNM). Rio Génio: 
3 6, 1 9, 17-22 Apr 1975, C. L. Hogue, slide 

os 

Figs. 25-33. Male genitalia. 25, Erechthias flavistriata, ventral view. 26, Lateral view. 27, Right valva, mesal 

view. 28, Aedoeagus. 29, Opogona dimorpha, ventral view. 30, Lateral view. 31, Aedoeagus. 32, Ventral detail 

of uncus. 33, Right valva, mesal view. All scales = 0.5 mm except Fig. 32 which = 0.1 mm. 
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Figs. 34-37. Female genitalia. 34, Protodarcia cocosensis. 35, Lepyrotica acantha. 36, Erechthias flavistriata 

37, Opogona dimorpha. All scales = 0.5 mm. 
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USNM 31197 (LACM, USNM). Wafer Bay: 

3 6, 17 2, 17-22 Apr 1975, C. L. Hogue, 

slide USNM 31196 (LACM, USNM); 1 4, 
1 °, 27 Mar 1978, Hogue & Miller, malaise 

trap station 3, slide USNM 22279 (LACM, 

USNM). 
Distribution.—Known only from Cocos 

Island. 

Etymology.—The specific name is de- 

rived from the Greek di (two) and morphe 

(form), in reference to the obvious sexual 

dimorphism present in this species. 

Discussion.—Collections indicate that 
this species and Protodarcia cocosensis are 

the most common tineids occurring on Co- 

cos Island. At least one other, even smaller 

species of Opogona with mottled forewings 

has been collected on the island, but lack of 

adequate material does not permit its de- 

scription. The genus 1s a large, mostly Old 

World tropical group that is not well rep- 

resented in the Neotropics (Davis 1978, 

Robinson and Nielsen 1993). It isa member 
of the subfamily Hieroxestinae. 
Among the more diagnostic features of 

O. dimorpha is the relatively pronounced 
sexual dimorphism present. The male is 

much smaller than the female and possesses 

brownish orange hindwings in contrast to 

the more somber, grayish hindwings of the 

female. The male genitalia also are diag- 

nostic, particularly the uncus with its pe- 

culiar, quadifid apex (Fig. 32). The corpus 

bursae of the female is unusual in its cone- 
like shape, fluted walls, and paired rod-like 

signa (Fig. 37). 

ACKNOWLEDGMENTS 

I wish to thank Scott Miller and Charles 

Hogue (deceased 1992) and the Los Angeles 

County Museum for allowing me to study 

their material. Also most helpful were the 

fine series of specimens collected in the Ga- 

lapagos Islands by Bernard Landry of Ot- 

tawa. A loan of essential type material was 

made possible by Aurelian Popescu-Gorj 

and Rusti Doru of the Musée d’Histoire Na- 

turelle ““Grigore Antipa,” Bucharest. I also 

747 

wish to thank John Grehan of the Univer- 

sity of Vermont for our brief but fruitful 
discussion on Cocos Island biogeography. I 

am indebted to Young Sohn and Vichai Ma- 

likul of the Department of Entomology, 
Smithsonian Institution, for the line draw- 

ings and to Victor Kranz of the Smithsonian 

Photographic Laboratory for photographic 

assistance. 

LITERATURE CITED 

Brown, J. W., J. P. Donahue, and S. E. Miller. 1991. 

Two new species of Geometrid moths (Lepidop- 

tera: Ennominae) from Cocos Island, Costa Rica. 

Contributions in Science, Natural History Muse- 

um of Los Angeles County 423: 11-18. 

Byers, G. W. 1981. The crane flies (Diptera: Tipu- 

lidae) of Cocos Island, Costa Rica, with descrip- 

tions of new species. Contributions in Science, 

Natural History Museum of Los Angeles County 

335: 1-8. 

Castillo, P., R. Batiza, D. Vanko, E. Malavassi, J. Bar- 

quero, and E. Fernandez. 1988. Anomalously 

young volcanoes on old hot-spot traces: I. Geology 

and petrology of Cocos Island. Geological Society 

of America, Bulletin 100: 1400-1414. 

Clarke, J. F. G. 1986. Pyralidae and Microlepidop- 

tera of the Marquesas Archipelago. Smithsonian 

Contributions to Zoology 416: i-i11, 1-485. 

Christie, D. M., R. A. Duncan, A. R. McBirney, M. 

A. Richards, W. M. White, K. S. Harpp, and C. 

G. Fox. 1992. Drowned islands downstream from 

the Galapagos hotspot imply extended speciation 

times. Nature 355: 246-248. 

Croizat, L. 1958. Panbiogeography. Vol. 1. Published 

by the author, Caracas. 

Davis, D. R. 1978. The North American moths of 

the genera Phaeoses, Opogona, and Oinophila, with 

a discussion of their supergeneric affinities (Lep- 
idoptera: Tineidae). Smithsonian Contributions to 

Zoology 282: 1-39. 

Duncan, R. A. and R. B. Hargraves. 1984. Plate tec- 

tonic evolution of the Caribbean region in the 

mantle reference frame. Geological Society of 

America, Memoir 162: 81-93. 

Fournier, L. A. 1966. Botany of Cocos Island, Costa 

Rica, pp. 183-186. Jn Bowman, R. L., ed., The 

Galapagos. University of California Press, Berke- 

ley. 

Hertlein, L. G. 1963. Contribution to the biogeog- 

raphy of Cocos Island, including a bibliography. 

Proceedings of the California Academy of Sci- 

ences, 4th ser. 32(8): 219-289. 

Hogue, C. L. and S. E. Miller. 1981. Entomofauna 



748 

of Cocos Island, Costa Rica. Atoll Research Bul- 

letin No. 250, pp. 1-29. 

Holden, J. C. and R.S. Dietz. 1972. Galapagos gore, 
NazCoPac triple junction and Caribbean/Cocos 

ridges. Nature 235: 266-269. 
Meyrick, E. 1915. Revision of the New Zealand Tine- 

ina. Transactions of the New Zealand Institute 47: 

205-244. 
1924. Exotic Microlepidoptera 3: 65-128. 

Peck, S. B. 1991. The Galapagos Archipelago, Ec- 

uador: With an emphasis on terrestrial inverte- 

brates, especially insects; and an outline for re- 

search, pp. 319-336. In Dudley, E. C., ed., The 

Unity of Evolutionary Biology. Proceedings Fourth 

International Congress of Systematics and Evo- 

lutionary Biology. Dioscorides Press, Portland, OR. 
Robinson, G. S. and E. S. Nielsen. 1993. Tineid gen- 

era of Australia. Monographs on Australian Lep- 

idoptera, 2: i-xv, 1-344. 

PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

Rosen, D. E. 1976. A vicariance model of Caribbean 

biogeography. Systematic Zoology 24: 431-464. 

Swezey, O. H. 1909. The Hawaiian sugar cane bud 

moth (Ereunetis flavistriata) with an account of 

some allied species and natural enemies. Hawaiian 

Sugar Planters’ Association Experimental Station, 

Entomology Bulletin 6: 1-40, pls. 1-4. 

Veitch, R. 1923. The minor pests on sugar cane in 

Fiji. Agricultural Report (Sydney), 7: 9, pl. 2, fig. 2. 

Walsingham, Lord (Thomas de Grey). 1907. Micro- 

lepidoptera. Jn Sharp, D., ed., Fauna Hawatiensis 

or the Zoology of the Sandwich (Hawaiian) Isles, 

1(5): 469-759, pls. 10-25. Cambridge University 

Press, Cambridge. 

Zimmerman, E. C. 1978. Microlepidoptera, Part 1. 

Monotrysia, Tineoidea, Gracillarioidea, Ypono- 

meutoidea, and Alucitoidea. Insects of Hawaii 9(1): 

i-xvill, 1-881, pls. 1-8. 



PROC. ENTOMOL. SOC. WASH. 
96(4), 1994, pp. 749-756 

FIRST RECORDS FROM THE CANADIAN MARITIME PROVINCES OF 
THREE EUROPEAN INSECTS INJURIOUS TO ORNAMENTAL PLANTS 

A. G. WHEELER, JR. AND E. RICHARD HOEBEKE 

(AGW) Bureau of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, 
Pennsylvania 17110; (ERH) Department of Entomology, Cornell University, Ithaca, New 

York 14853. 

Abstract. —Three Old World insects of limited distribution in North America are newly 

recorded for the Canadian Maritime Provinces. Pyrrhalta viburni (Paykull) (Coleoptera: 

Chrysomelidae), Yponomeuta cagnagella (Hiibner) (Lepidoptera: Yponomeutidae), and 
Macrophya punctumalbum (L.) (Hymenoptera: Tenthredinidae) were collected at Dart- 

mouth and Halifax, Nova Scotia. Notes on host plants of these pests of commonly planted 

ornamental shrubs and trees are provided, as well as characters that facilitate their rec- 

ognition in the Nearctic fauna. 

Key Words: 

nadian Maritime Provinces 

Nearly every year since 1978 we have 

made a series of “detection” trips in eastern 

North America to search for insects new to 

the Western Hemisphere, Canada, or the 

United States. These trips also enable us to 

document the spread of recently established 

adventive species and to study their habits 

in an alien environment. Using “biological 

bias,” we have concentrated on areas vul- 

nerable to invasion by exotic species, par- 

ticularly disturbed sites such as urban va- 

cant lots near principal ports of entry. 

A trip to the Canadian Maritime Prov- 

inces in 1993 resulted in the discovery of 

three Old World species known to have a 

limited distribution in North America—a 

viburnum-feeding chrysomelid, Pyrrhalta 
viburni (Paykull); a privet sawfly, Macro- 
phya punctumalbum (L.); and an ermine 
moth, Yponomeuta cagnagella (Hiibner), 
that specializes on euonymus. Specimens of 

all three species were collected at Halifax, 

Nova Scotia (Halifax Co.), on 26 June 1993: 

larval specimens of P. viburni were also taken 

Coleoptera, Lepidoptera, Hymenoptera, adventive insects, plant pests, Ca- 

at Dartmouth, Nova Scotia (Halifax Co.), 

on Halifax Harbour across from Halifax, on 

26 June. Our records of these economically 

important species are the first for the Mar- 

itime Provinces. 

Pyrrhalta viburni (Paykull) 

(Figs. 1-3; Map 1) 

Historical background.—Becker (1979) 

provided the first records of the North 

American establishment of this Eurasian 

galerucine chrysomelid: Ottawa, Ontario, 

and nearby Hull, Quebec. Pyrrhalta viburni 

had been collected previously in Ontario (at 
Fonthill, in 1947), but subsequent obser- 

vations failed to yield additional specimens 

or evidence of its establishment. During 

summer 1978, this chrysomelid severely in- 

jured ornamental viburnums, mainly cul- 

tivars of Viburnum opulus L.; it was also 

present at Ottawa on V. dentatum L. and 

V. lantana L. used as ornamentals and on 

the native V. rafinesquianum Schultes. This 
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species has not been detected in the United 

States. 
Remarks.—Larvae were abundant on V. 

opulus (Fig. 1) in the Public Gardens in Hal- 

ifax (Spring Garden Rd. at South Park St.) 
where they were skeletonizing the foliage 

(Fig. 2) and were also feeding in the inflo- 

rescences. At Dartmouth, smaller numbers 

of larvae were observed on Viburnum sp. 
growing in a hedgerow. Although adults were 

not present, the galerucine larvae we col- 

lected fit the description and habits of P. 

viburni, leaving little doubt about the iden- 

tity of the viburnum feeder observed in 

Nova Scotia. 
Recognition features. —Pyrrhalta viburni 

is rather closely allied to the elm leaf beetle, 
P. luteola (Miller), and thus adults of the 
two are similar in overall appearance. How- 

ever, specimens of P. viburni (Fig. 3) are 

generally smaller than those of P. /uteola 
(4.5-6.5 mm vs. 5.8-6.8 mm). Moreover, 

P. viburni differs from the latter species by 
the dorsal surface with smaller, denser 

punctures, with space between punctures al- 

most rugose (vs. large, distinct punctures, 
with surface glossy between punctures), by 

the dorsal surface with thick, golden-grey 

pubescence (vs. thin pubescence), and by 

the elytra generally brownish with dark hu- 

meral angles (vs. elytra generally light yel- 

lowish-brown with wide, dark humeral 

stripe extending nearly to apex of each el- 

ytron) (Becker 1979). Adult and immature 

stages of P. viburni feed exclusively on spe- 

cies of Viburnum, whereas those of P. /u- 

teola are restricted to species of U/mus (elm). 

References.—Complete information on 

the biology and seasonal history of P. vi- 

burniin North America and Europe is given 

by Becker (1979) and Balachowsky (1963), 

respectively. 
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Yponomeuta cagnagella (Hiibner) 
(Figs. 4-6; Map 2) 

Historical background.—This European 

pest of spindle tree, Euonymus europaeus 
L., was first recorded in North America from 

Ontario (no specific locality) by Turner et 

al. (1975). Hoebeke (1987) gave the first 

United States records—15 counties in cen- 

tral and western New York—and reported 

the seasonal history and habits of North 

American populations. The most common 

host in New York was E. europaeus, but 

other euonymus species used in landscape 

plantings were also infested: E. alatus Sie- 

bold, E. japonicus (L.), and E. kiautschov- 

icus Loesener. This adventive ermine moth 

is now well established in the eastern half 
of the United States, with records known 

from Maine, Maryland, Michigan, Penn- 

sylvania, Vermont, and Wisconsin (John- 

son and Lyon 1988, Hoover 1993). 
Remarks.—Large larval populations, or 

colonies, were found in webs on E. euro- 

paeus, with the characteristic defoliation 

observed on several spindle trees in Corn- 

wallis Park near Halifax Harbour and in the 

Public Gardens. 

Recognition features.—In an advanced 

stage of infestation, the presence of exten- 
sive webbing on foliage of Euonymus (Fig. 

4) and masses of gregarious larvae within 

the webs serve as the best indicators of the 

presence of this destructive pest. The ma- 

ture larvae (Fig. 5) are 2-2.25 cm long, green 

or yellowish green, somewhat darker dor- 

sally, and with a subdorsal row of conspic- 

uous round black spots. The adult moth (Fig. 

6) is characterized by having a white fore- 

wing with three longitudinal rows of black 

spots and a gray hindwing (in both sexes); 

the fringe of the hindwing is pale gray or 
whitish at the anal angle. Additional larval 

—_ 

Figs. 1-3. Damaged viburnum foliage, and adult stages of Pyrrhalta viburni and P. luteola. 1, 2, Foliage and 

inflorescences of Viburnum opulus damaged by feeding of larval P. viburni, characterized by leaf skeletonizing. 

3, Adult P. viburni (left), and P. /uteola, the elm leaf beetle (right). 
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Macrophya punctumalbum (L.) 

od) ne ty 

Maps 1-3. Known geographic distribution in North America of the adventive species Pyrrhalta viburni (Map 

1); Yponomeuta cagnagella (Map 2) (open circles represent state records only, no specific localities given); and 

Vfacrophya punctumalbum (Map 3). 
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a. 

Figs. 4-6. Host plant damage, and larval and adult stages of the spindle tree ermine moth, Yponomeuta 

cagnagella. 4, Larval webbing draping defoliated branches of the host plant, Euonymus europaeus. 5, Last-instar 

larvae. 6, Adult female. Figures reproduced with permission from Hoebeke (1987). 
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and adult characteristics can be obtained 

from Hoebeke (1987). 

References.— Relevant information on 

this immigrant’s seasonal history, habits, 
host plant preferences, and suspected mode 

of introduction in North America is pro- 

vided by Hoebeke (1987). Povel (1984) dif- 

ferentiates the European species of small er- 
mine moths of the Yponomeuta padella- 

complex, including Y. cagnagella, com- 
ments on the morphology of all life stages 

of members of this complex, and gives keys 

to the identification of Yponomeuta adults, 

pupae, and last-instar larvae. 

Macrophya punctumalbum (L.) 

(Figs. 7-10; Map 3) 

Historical background.—The first North 
American collections of this Palearctic saw- 

fly were made in Ontario (Toronto) in 1932 

and British Columbia (Vancouver) in 1934 

(Gibson 1980). It is also known in the Ne- 
arctic Region from Quebec (Gibson 1980) 

and New York (Hoebeke and Johnson 

1985). This specialist on plants of the Ole- 

aceae feeds primarily on ash (Fraxinus) and 

privet (Ligustrum) in Europe and has been 

collected on these hosts and on lilac (Syrin- 

ga) in Canada (Gibson 1980) and the Unit- 

ed States (New York) (E. R. Hoebeke, un- 

publ. data). 

Remarks.—Numerous adults (females) 

were observed on common privet (L. vul- 

gare L.) in Cornwallis Park near Halifax 

Harbour, and on the campuses of Dalhousie 

University and the Technical University of 

Nova Scotia. 

Recognition features.—Adult and larval 

feeding damage alone are characteristic signs 

of the presence of this sawfly. Adult feeding 

consists of irregular “‘rasping” marks on the 

upper epidermis of privet foliage (Fig. 7), 

and adults also produce shiny, black fecal 

material that 1s deposited as irregular tarlike 
spots on the upper leaf surfaces. Larval feed- 

ing consists chiefly of circular holes in the 

interior of the leaves (Fig. 8). 
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The adult female (Fig. 9) is a character- 

istically large and attractive sawfly that has 

a predominantly black (with some white) 

body, with contrasting bright, reddish hind 

femora. Mature larvae (Fig. 10) are gener- 

ally lime green with a yellowish head cap- 

sule. 

References.—The seasonal history, hab- 

its, and host plant preferences of M. punc- 

tumalbum were studied at Ithaca, N.Y., in 
an ornamental planting of California privet 

(L. ovalifolium Hassk.) (Hoebeke and John- 

son 1985). Hoebeke and Johnson (1985) also 

describe and illustrate the egg and last-instar 
larva. Pomerantzev (1930) reviewed the bi- 

ology of this species in Europe. 

DISCUSSION 

The detection of Pyrrhalta viburni, Ypon- 

omeuta cagnagella, and Macrophya punc- 

tumalbum in Nova Scotia adds to the con- 
siderable number of adventive species 

previously recorded from the Maritime 

Provinces. More European insects have been 

collected in the Maritimes and Newfound- 
land (Atlantic Provinces) than in any other 

region of the New World (e.g. Brown 1940, 
1950, 1967, Lindroth 1957, Turnbull 1979, 
Hamilton 1983, Morris 1983, Wheeler and 

Henry 1992). Ship’s ballast was the primary 

early pathway of introduction for ground- 

dwelling forms such as certain ground bee- 

tles (Carabidae) and otiorhynchine weevils 

(Curculionidae), but since the late nine- 

teenth century the importation of ornamen- 

tal nursery stock has been a principal mode 

of entry for a number of Old World insects 

(Lindroth 1957, Sailer 1983). 

In the absence of comprehensive faunal 

surveys for North America, comments on 
pathways of entry and subsequent spread of 

P. viburni, Y. cagnagella, and M. punctu- 
malbum are admittedly speculative. The 
available North American records suggest 

multiple introductions— perhaps along the 

lower St. Lawrence Valley and adjacent 
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Figs. 7-10. Damaged privet foliage, and life stages of the European privet sawfly, Macrophya punctumalbum. 

7, Feeding damage by adult sawflies, characterized by irregular “rasping” marks and rectangular holes, and 

tarlike spots. 8, Feeding damage by adults and larvae; the small round holes in the leaf interiors and the irregular 

leaf margins are caused by larvae. 9, Adult female. 10, Mature (feeding) larvae (length of mature larva ranges 

from 14.4-18 mm). Figures reproduced with permission from Hoebeke and Johnson (1985). 
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Quebec and at Halifax (or other ports) in 
Nova Scotia. Multiple introductions of Eu- 

ropean species have been frequent in Can- 

ada, and the port city of Halifax is partic- 

ularly noted for its adventive insect fauna 

(Brown 1940, 1950, 1967). Despite the re- 

cent detection of these three species in the 

Maritimes, they could have been intro- 

duced directly into Nova Scotia and, once 

established, shipped with nursery stock to 

other parts of Canada. The further spread 

of these potentially serious pests of several 

commonly used ornamental shrubs and trees 

should be monitored. 
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PHYTOPHAGOUS INSECTS ASSOCIATED WITH BACCHARIS CONFERTA 
KUNTH AND B. DIOICA VAHL (ASTERACEAE: ASTEREAE) IN MEXICO 

W. A. PALMER AND K. R. PULLEN 

(WAP) Tropical Weeds Research Centre, Queensland Department of Lands, P.O. Box 

187, Charters Towers, Queensland 4820, Australia; (KRP) 6 Dianella Road, Port Mac- 

quarie, N.S.W. 2444, Australia. 

Abstract.—Surveys of the phytophagous insect faunas on Baccharis conferta and B. 

dioica were undertaken in Mexico as part of a program to find biological control agents 

for B. halimifolia, a serious weed in Australia. Fifty-three species were found on B. conferta 

but only eleven species on B. dioica. No species, from either plant, was considered a 

potentially valuable biological control agent for B. halimifolia. 

Key Words: 

The woody shrub Baccharis halimifolia 

L. (Asteraceae: Astereae: Baccharidinae) is 

a declared noxious weed in Queensland, 

Australia, where it invades cattle pastures, 
reforested areas, and disturbed sites 
(Kleinschmidt and Johnson 1977, Stanley 

and Ross 1986). Native to the eastern sea- 

board of the United States (Stanley and Ross 

1986), itis thought to have been introduced 
into Australia in the latter part of the 19th 

century (Bailey 1900). A biological control 

program has been supported by the Queens- 

land Department of Lands since 1960 as 

part of efforts to control this weed. 

The New World (and predominantly 

South American) genus Baccharis is ex- 

tremely large, with 450-500 species divided 

into a number of sections (Cuatrecasas 

1967). More recently, Nesom (1990a) placed 

the 43 species native to North or Central 

America in six sections and placed B. hali- 

mifolia in the section Baccharis with 13 oth- 
er species. 

Host specificity work at the North Amer- 
ican Field Station over the past decade has 

indicated that most of the narrowly ste- 

nophagous insects found on B. halimifolia 

surveys, biological control, Baccharis 

accept other species from the section Bac- 

charis as hosts in the laboratory (Palmer and 
Diatloff 1987, Palmer 1989, 1993a, Palmer 

and Tomley 1993). Similarly, insects from 

these other species can attack B. halimifolia 
(Palmer and Tilden 1988, Palmer et al. 

1993). Therefore any species placed in the 

section Baccharis is a potential source of 

biological control agents for B. halimifolia. 

This paper describes the insect fauna 

found in Mexico on two such species, B. 

conferta Kunth and B. dioica Vahl which 
were surveyed in an attempt to find more 

biological control agents for B. halimifolia. 

Tue Host PLANTS AND 

THEIR DISTRIBUTION 

Baccharis conferta is an erect shrub, up 

to 2 m in height, that resembles B. pilu/aris 
DC subspecies consanguinia in gross mor- 

phology. It occurs throughout central Mex- 

ico (Nesom 1990b) at altitudes greater than 

2000 m. 

Baccharis dioica, also an erect shrub, 

grows to about 3 m in height. It very closely 

resembles B. halimifolia except that the 
leaves are not dentate. It occurs on the Yu- 
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8. conferta 

Fa B. dioica 

Fig. 1. 

catan peninsula of Mexico (Nesom 1990b) 

and in southern Florida (Long and Lakela 

1971). This distribution suggests that this 

species may have originated elsewhere, pos- 

sibly in the Carribean islands such as Cuba 

and Hispaniola where it is common (Britton 

and Millspaugh 1920). 

MATERIALS AND METHODS 

The geographic areas searched in relation 

to both plants are shown in Fig. 1. Baccharis 

conferta was regularly examined throughout 

1989 in the area surrounding the Lagunas 

de Zempoala in the state of Morelos. Less 

frequently, it was examined in the states of 

Veracruz and Puebla. 

The Yucatan Peninsula was visited three 

times: May 1986, October 1990, and No- 

vember 1992. Surveying was limited to ar- 

eas adjacent to major roads. On the second 

survey we drove around the Yucatan pass- 

ing through Cancun, Mérida, Campeche, 

MEXICO 

4 
6406 

Lagunas de C7 
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UNITED 
STATES 

Gulf of Mexico 

RIZE 

The areas of search for insects associated with B. conferta and B. dioica in Mexico. 

and Chetumal. Baccharis dioica was only 
found on, or very near, the island of Canctn 

and along the northwestern coast to the east 

and west of Progreso (30 km north of Mer- 

ida). This distribution confirmed that given 

by Nesom (1990b). 

Insects were collected by visually inspect- 

ing the plants and by sweeping the foliage. 

When evidence of internal insect infestation 

was present, plants were either removed 

from the ground and dissected or the ap- 

propriate limb sawn off and split. Any ev- 

idence of feeding by the insect was noted. 

Immatures (particularly caterpillars, leaf- 

miners, and gall formers) found without as- 

sociated adults were reared to enable iden- 

tification. 
All insect specimens were first submitted 

to the Systematic Entomology Laboratory, 

Agricultural Research Service, USDA, 

Beltsville, Maryland for identification by 
specialist taxonomists. When species could 
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not be fully identified by this laboratory, the 

specimens were sent to other taxonomists. 

After the insects had been properly identi- 
fied, the literature and entomologists 

knowledgeable about the particular species 

or group were consulted to determine the 

degree of stenophagy exhibited by the spe- 

cies. 

All identified species were recorded in a 

computer database along with details gath- 

ered at the time of collection and relevant 

literature (Palmer 1993c). In this way a pro- 

file about each species was developed, and 

these are available from the senior author. 

RESULTS 

The phytophagous insects found on B. 

conferta (Table 1) consisted of 53 species 1n 

the orders Coleoptera, Diptera, Homoptera, 

Hemiptera and Lepidoptera. Immatures of 

15 species were taken or noted, which in- 

dicates that these species complete their life 

cycle on this plant. Very few internal feeders 

and no stem borers were found. Only three 

species, (i.e. the delphacid Stobaera pallida 

Osborn, the geometrid Jtame imitata Druce, 

and the lyonetid Bucculatrix sp.) were 

thought likely to be narrowly stenophagous. 

Only 11 insect species were taken on B. 

dioica (Table 2). Of these, seven were found 

with, or as, immatures. Two species were 

internal feeders. The only species thought 

likely to be narrowly stenophagous were two 

species of the gelechiid genus Aristotelia. 

DISCUSSION 

The phytophagous insect fauna on B. con- 

ferta was less diverse than has been ob- 

served on other Baccharis spp. in the United 

States where 73 species were reported on B. 

pilularis (Tilden 1951), 174 species on B. 

halimifolia (Palmer and Bennett 1988), 91 

species on B. neglecta Britton (Boldt and 

Robbins 1987) and 64 species on B. sara- 

throides Gray (Boldt et al. 1988). Much 

greater efforts were put into these studies 

which were all conducted over a number of 

years. 
Follow-up host specificity studies were not 
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conducted on any of the possibly stenoph- 

agous species as none looked sufficiently 

promising to warrant such investigations. 

The delphacid S. pallida has been previ- 

ously investigated (Palmer 1993b). The geo- 

metrid J. imata might possibly be conspe- 

cific with /tame varadaria Walker (D. 

Ferguson, pers. comm.), a species which has 

been studied (Palmer 1989). While the Buc- 
culatrix sp. may also have proved stenoph- 

agous, B. ivella Busck has already been in- 
troduced into Australia (Palmer and Diatloff 

1987) and other Bucculatrix spp. are avail- 

able from the United States. All other spe- 

cies were probably polyphagous, with little 

potential for biological control. 

The paucity of insect species associated 

with B. dioica and the relative scarcity of 

the plant itself support the hypothesis that 

B. dioica may be an adventive species on 

the Yucatan peninsula. Even allowing for 

the limited collecting, the 11 insect species 

found were fewer than anticipated. 

No host specificity studies were conduct- 

ed on the insects of B. dioica. The ptero- 

phorid Oidaematophorus kellicotti (Fish) is 
known to attack Solidago spp. in the United 

States (Cashatt 1972) and B. neglecta Britt. 

in northern Mexico (Palmer 1987, Palmer 

and Haseler 1992). The two Aristotelia spp., 

both possibly narrowly stenophagous, did 

not look sufficiently promising to justify ex- 

perimentation given the considerable dis- 

tance from the laboratory to this area and 

that 4. ivae Busck has already been intro- 

duced (Diatloffand Palmer 1988). The oth- 

er species on this plant were probably po- 

lyphagous. 
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Table 1. Phytophagous insects collected on B. conferta in central Mexico. 

Fre- Stages Plant Speci- 
Species quency’ Found Part? ficity* 

HEMIPTERA 

Lygaeidae 

Nysius sp. G adult flower, stem 

Miridae 

Poecilocapsus sp. O adult leaf 

Proba sallei (Stal) O adult leaf ae 

Proba sp. R adult leaf 

Rhinacloa sp. R adult leaf 

Pentatomidae 

Edessa sp. R adult 

Euschistus sp. Oo adult be 

Tingidae 

Atheas nigricornis Champion R adult td 

Corythucha setosa Champion R adult 

HOMOPTERA 

Aphididae 

Aphis sp. R all stages stem 

Dactynotus sp. R all stages stem 

Cercopidae 

Philaronia sp. R adult 

Cicadellidae 

Empoasca ingena Davidson & DeLong R adult leaf 

Empoasca nr. crocostigmata Davidson & DeLong R adult leaf 

Empoasca sp. R adult leaf 

Graphocephala guerreroensis (Fowler) R adult leaf 

Graphocephala nr. subrufa (Delong & Curie) R adult leaf 

Graphocephala spinosa (Delong & Curie) R adult leaf 

Graphocephala sp. Oo adult 

Momoria misella (Ball) R adult leaf <* 

Oncometopia sp. R adult 

Penestragania sp. R adult 

Cixiidae 

Cixius conjector Kramer R adult 

Cixius nr. cinctus Ball R adult leaf 

Coccidae 

Ceroplastes cistodiformis Cockerell R all stages stem 
Pulvinaria psidii Maskell R all stages stem 

Dephacidae 

Stobaera pallida Osborn Cc all stages stem aha 

Flatidae 

Hyphancyclus falcatus Fowler R adult 

Membracidae 

Aconophora laminata Fairmaire R all stages stem os 

Polyglypta sp. R adult leaf 
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Table 1. Continued. 

Fre- Stages Plant Speci- 
Species quency' Found Part? ficity? 

COLEOPTERA 

Apionidae 

Ceratapion disparipes (Fall) R adult 

Chrysapion auctum (Sharp) O adult 

Coelocephalapion aduncirostre (Gerstaeker) R adult 

Kissingeria trichium (Kissinger) R adult 

Bruchidae 

Meibomeus desmoportheus Kingsolver & Whitehead R adult 

Stator dissimilis Johnson & Kingsolver R adult 

Chrysomelidae 

Zygogramma signatipennis Stal R adult = 

Curculionidae 

Epimechus sp. R adult 

Tenebrionidae 

Lobometopon metallicum (Champion) R adult 

DIPTERA 

Agromyzidae 

Liriomyza sp. O larva leaf* 

Phytobia sp. R 

Tephritidae 

Neotephritis finalis (Loew) R adult a 

Neotephritis staminea (Wulp) R adult 

Paracantha cultaris (Coquillett) R adult eS 

Paroxvna sp. R adult 

LEPIDOPTERA 

Geometridae 

Eupithecia sp. O larva leaf 

Itame imitata Druce O larva leaf 

Sabulodes aegrotata (Guenée) R larva leaf * 

Gracillariidae 

Acrocercops sp. R pupa 

Lyonetiidae 

Bucculatrix sp. O larva leaf 

Noctuidae 

Cucullia oribac Barnes R larva leaf 

Lophoceramica pyrrha Druce O larva leaf * 

Tortricidae 

Argyrotaenia montezumae (Walsingham) R larva leaf * 

'R = rare, O = occasional, C = common. 
? An * following the plant part indicates the insect was found inside the plant part. 
+* = host range exceeds family Asteraceae, ** = host range restricted to Asteraceae, *** = host range restricted 

to Baccharis. 
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Table 2. 

Species Frequency’ 

HOMOPTERA 

Coccidae 

Philephedra lutea (Cockerell) O 

Flatidae 

Flatormenis sp. R 

Ortheziidae 

Orthezia insigna Browne O 

Pseudococcidae 

Phenacoccus solenopsis Tinsley R 

HEMIPTERA 

Lygaeidae 

Nysius sp. R 

COLEOPTERA 

Cerambycidae 

Anelaphus sp. R 

Chrysomelidae 

Cryptocephalus sp. R 

LEPIDOPTERA 

Gelechiidae 

Aristotelia sp. | O 

Aristotelia sp. 2 O 

Pterophoridae 

Oidaematophorus kellicottii (Fish) O 

Tortricidae 

Platynota sp. R 

'R = rare, O = occasional, C = common. 
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Phytophagous insects collected on B. dioica on the Yucatan Peninsula, Mexico. 

Stages Plant 
Found Part? Specificity? 

all stages leaf, stem 

adult stem 

all stages stem i 

all stages terminal 2 

adult 

adult stem* 

adult leaf 

larva leaf 

larva leaf 

larva stem* ae 

larva leaf 

> An * following the plant part indicates the insect was found inside the plant part. 
ee ee 

to Baccharis. 

Burke, Texas A&M University (Coleoptera: 

Curculionidae); E. D. Cashatt, Illinois State 

Museum (Lepidoptera: Pterophoridae); J. 

A. Chemsak, UC Berkeley (Coleoptera: Cer- 

ambycidae); D. R. Davis, NMNH (Lepi- 

doptera: Lyonetiidae, Gracillariidae); C. H. 

Dietrich, SEL (Homoptera: Auchenorrhyn- 

cha); D. C. Ferguson, SEL (Lepidoptera: 

Geometridae); R. C. Froeschner, NMVNH 

(Hemiptera: Tingidae); T. J. Henry, SEL 

(Hemiptera); R. W. Hodges, SEL (Lepidop- 

tera: Gelechioidea); J. M. Kingsolver, SEL 

(Coleoptera: Bruchidae); D. Kissinger, Loma 

Linda California (Coleoptera: Apionidae); 

host range exceeds family Asteraceae, ** = host range restricted to Asteraceae, *** = host range restricted 

D.R. Miller, SEL (Homoptera: Coccoidea); 

G. L. Miller, SEL (Homoptera: Coccoidea); 
A. L. Norrbom, SEL (Diptera: Tephritidae); 

R. V. Peterson, SEL (Diptera: Agromyzi- 

dae); R. W. Poole, SEL (Lepidoptera: Noc- 

tuidae); J. A. Powell, UC Berkeley (Lepi- 

doptera: Tortricidae); M. B. Stoetzel, SEL 

(Homoptera: Aphididae); R. E. White, SEL 

(Coleoptera: Chrysomelidae); the late D. R. 
Whitehead, SEL (Coleoptera: Tenebrioni- 

dae); and M. Wilson, British Museum (Ho- 

moptera: Auchenorrhyncha). 

We also thank Dr. M. C. Girardo Civila 

Garcia, Dr. Miguel Angel Lopez Mora, Biol. 
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Luciano Vargas Mendoza and their staffs at 
the Universidad Autonoma del Estado de 
Morelos, Cuernavaca, for making facilities 

available to us and treating us with such 

hospitality. 
Funds for the study were provided by the 

Queensland Rural Lands Protection Board. 
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NOTE 

Another Generic Synonym Resulting from 

Sexually Dimorphic Phoridae (Diptera): 

Psyllomyia Loew (1857) and Multinevra Disney (1979) 

Extreme sexual dimorphism among 

phorids has a long history of causing taxo- 

nomic confusion. Some examples of males 

and females described in different genera 

include Bactropalpus Borgmeier/Tropho- 

deinus Borgmeier (Brown 1986. Proceed- 

ings of the Entomological Society of Wash- 
ington. 88: 787-788), Perissa Borgmeier/ 

Couturiera Disney (Disney 1990. System- 

atic Entomology. 15: 305-320), and Gym- 

noselia Schmitz/Rhynchomicropteron An- 

nandale (Brown 1992. Journal of Natural 

History. 26: 407-416). In most instances, 

the females are of highly unusual structure, 

with reduced wings, reduced eyes and less 

extensive sclerotization of the abdominal 

tergites. Most of these unusual females are 

found in colonies of ants or termites. 

Some specimens of African Phoridae re- 

cently sent to me for identification included 

pairs of individuals collected in copula. The 

male specimens are recognizable as Multi- 

nevra macropygidia Disney (1979. Ento- 

mologica scandinavica. 10: 79-80), the only 

described species in this unusual and char- 

acteristic genus, which is known only from 
male specimens. The hitherto unknown fe- 

males were specimens of the equally dis- 

tinctive genus Psyllomyia Loew (1857. Wie- 

ner Entomologische Monatschrift. 1: 33-56), 

for which males were described briefly by 

Beyer (1965. Phoridae. Fascicule 99, Ex- 

ploration de Parc National Albert, Mission 

G. F. de Witte 1933-1935). Thus, Multi- 

nevra Disney becomes a junior subjective 

synonym of Psyllomyia Loew (new synon- 

ymy). A resulting new combination is P. 

macropygidia (Disney). 

Males and females of Psy//omyia are sim- 
ilar in appearance to other phorids that were 

mistakenly assigned to separate genera in 

the past. The males, which were described 

thoroughly by Disney (1979) are larger, with 

fully developed wings, normal abdominal 

tergites, and large eyes. Their terminalia are 

particularly distinctive (illustrated by Dis- 

ney 1979; Brown 1993. Memoirs of the En- 
tomological Society of Canada. 164: 1-144), 

as are the multiple rows of longitudinal, en- 

larged setulae on the hind tibia. The fe- 

males, illustrated by Schmitz (1951. Bollet- 
tino dell’Istituto di Entomologia della 
Universita di Bologna. 18: 128-166), are 

somewhat limuoid in form, with reduced 

eyes, reduced body tergites, and wings re- 
duced to small rudiments. A distinctive 

character of the females is the elongate, ge- 
niculate proboscis, which makes these flies 

appear similar to the unrelated genus Rhyn- 

chomicropteron. Like the males, females 

have multiple rows of longitudinal, enlarged 

setulae on the hind tibia. 

Females of Psy/lomyia were revised by 
Schmitz (1951), who recognized four spe- 

cies, all from Africa. The females associated 

with P. macropygidia key to P. braunsi 

Schmitz, but revision of the entire group 

and examination of the holotypes will be 
necessary to determine whether P. braunsi 

and P. macropygidia are synonyms. Un- 

described species of both sexes exist in Af- 

rica, Thailand and Nepal (Brown 1993). 

Material examined: P. macropygidia 

(Disney). Approximately 150 4, 7 2°, BO- 

TSWANA: Serowe, Farmer’s Brigade, 

SE2226BD, Per Forchhammer, Malaise trap 

(in collection of Carnegie Museum of Nat- 

ural History and Natural History Museum 

of Los Angeles County). 

Brian V. Brown, Entomology Section, 
Natural History Museum of Los Angeles 
County, 900 Exposition Boulevard, Los An- 

geles, California 90007. 
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Book REVIEW 

Beetle Larvae of the World. By J. Law- 

rence, A. Hastings, M. Dallwitz, and T. 
Paine. CD-ROM + 48 pp. CSIRO, East 

Melbourne, Australia. $240. 

This is an interactive program for iden- 

tifying beetle larvae. To operate the pro- 

gram the following minimum hardware and 

software are required: an IBM-compatible 

computer with at least 640K B RAM; a hard 

disk; MS-DOS 3.1 or higher; a CD-ROM 
drive; and a SVGA card and monitor. Giv- 

en the rapid explosion of power in the IBM 

platform in recent years, the only likely 1m- 

pediment to operating this successfully is 

the CD-ROM drive. Soon this will be stan- 
dard on most computer purchases for pro- 

fessional use (or it should be, similar to the 

increasing need for tape back-up systems). 
You can operate this program without 

SVGA capability. I tried this program on 

two 386 machines with VGA only; on one 

the images were of inferior quality while on 

the other there were no images displayed at 

all. 

Having experience using DELTA and 

INTKEY is helpful but unnecessary to begin 

using this program comfortably in just a few 

hours. All told the program’s matrix con- 

tains 385 taxa (listed in the ITEMS file as 

genera, tribes, subfamilies, or families, de- 
pending upon morphological diversity for 

presently accepted family concepts) and 180 

characters. Some characters are binary; oth- 

ers are multistate. Illustrations are included 

for 206 taxa and 110 characters. There are 
also text characters (a feature familiar to 

DELTA users) that provide summary in- 

formation, on screen, for the following top- 

ics: synonyms, geographic distribution, bi- 

ology and miscellaneous comments, selected 

references, related graphics files (to compare 

features that may be similar in related taxa 

that are not available for the taxon in ques- 

tion), and data related to images, such as 

the published source of a reproduced illus- 

tration. 

The reference guide is a high-quality pub- 

lication that includes numerous color fig- 

ures. These figures depict the screen at dif- 

ferent times while using the program. For 

example, screen images are reproduced to 

demonstrate using various menus, on-line 

commands, or retrieving images. 

After the introductory sections, the ref- 
erence guide is divided into three sections 

of, more-or-less, equal size. The first section 

is a lucid description introducing the un- 
initiated to INTKEY. It includes informa- 

tion on interpreting the screen display, ex- 

plaining keyboard commands, using the 

menus, and accessing the data. The second 

section is step-by-step demonstrations de- 

scribing how to use INTKEY. This is par- 

ticularly helpful for those unfamiliar with 

the program and includes different strate- 

gies for making identifications. There are 

three clear and easy to understand sample 

identifications for a chrysomelid, a scara- 

baeid, and a tenebrionid. The final section 

is a glossary explaining commands. 

For anyone that has used keys to identify 

beetle larvae the power and utility of this 
program is difficult to overstate. It is out- 

standing. For example, in the key to beetle 

larvae in Immature Insects the first couplet 

(actually it’s a triplet) is based upon a feature 

at the base of the mandible, a character that 
usually requires dissection. But are dissec- 

tions always necessary? Here it is easy to 

appreciate the power of an expert system. 
This publication will be an invaluable aid 

for anyone interested in the larval stages of 
Coleoptera. It is the hottest CD release of 

the year, with the possible exception of 

MCMXCIII, the first release by the Velvet 
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Underground in almost twenty-five years. James Pakaluk, Systematic Entomology 

Buy this program; it will be a useful refer- Laboratory, USDA, % National Museum of 

ence and identification aid for decades. As Natural History, Smithsonian Institution 

Lou Reed says, “It’s all right.”’ NHB 168, Washington, DC 20560, USA. 
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OBITUARY 

Barbara Adrienne Broady Venables 

1957-1993 

Barbara Adrienne Broady Venables, 

known to her family and friends as Ad- 

rienne, died May 28, 1993. She was born 

August 9, 1957 in Honolulu, Hawaii; and, 
as the child of a military family, traveled 

widely in her early years, attending schools 

in Maryland, North Carolina, Saudi Arabia, 

and Virginia. She received her B.S. degree 

in Entomology from the University of 
Maryland (1980) and M.S. from George- 

town University (1984) where she studied 
with Edward M. Barrows. Adrienne had ad- 

vanced to Ph.D. candidacy at the Univer- 

sity of Maryland and had nearly completed 

her dissertation before her premature death. 

From 1980 to 1988 Adrienne worked for 

the Department of Entomology at the 

Smithsonian Institution, Washington, D.C. 

It was during this time that Adrienne es- 

tablished a firm interest in lepidopteran sys- 

tematics and decided to return to graduate 

school to work on the phylogeny of the but- 

terfly family Pieridae. In 1988, she received 

an assistantship to study at the University 

of Maryland in the Department of Ento- 

mology’s MCSE Program (Maryland Center 

for Systematic Entomology), with joint su- 

pervision by C. Mitter (University of Mary- 

land) and R.K. Robbins (Smithsonian In- 

stitution). 

Adrienne’s dissertation, which she titled 

“Modern phylogenetic inference and the 

Pieridae,” was the most comprehensive re- 

examination of pierid morphology since the 
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classic work of Klots in the 1930s, and in- 

cluded a detailed re-assessment of Klots’ 

characters and conclusions. Presentation of 

her findings at the Entomological Society of 
America’s 1991 meeting in Reno earned her 

the President’s Prize for Best Student Paper 

in Section A. Adrienne’s co-advisors are 

working to make the main elements of her 

research results available in published form. 

Adrienne’s future plans included addition 

of molecular systematic methods to her rep- 
ertoire. At the time of her death, she was 

considering possible postdoctoral positions, 

and had been offered a postdoctoral fellow- 

ship from the National Science Foundation 

to pursue molecular systematic research on 

pyraloid moths in collaboration with J. Re- 

gier (University of Maryland) and M. A. 

Solis (United States Department of Agri- 

culture). 

Adrienne was active in several scientific 

societies where she presented papers at 

meetings on pierid systematics and skipper 

pollination biology. She organized a sym- 

posium on “Modern nonmolecular char- 

acter systems in phylogenetic reconstruc- 

tion” for the ESA Eastern Branch meeting 

in 1991. She was a member of the American 
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Association for the Advancement of Sci- 

ence, the American Society of Naturalists, 

the Entomological Society of America, the 

Entomological Society of Washington, the 

Lepidopterists’ Society, the Society for Study 

of Evolution, the Society of Systematic Bi- 

ology, and the Willi Hennig Society. 
Adrienne was a quiet, soft-spoken, but 

intense, person, well liked by colleagues and 

fellow students. Her death is a tragic loss to 

her family, friends, and the entomological 

community. She is survived by her husband 
Lee Venables, parents James P. and Barbara 
Chew Broady, sister Jan D. Broady, her 

brother James P. Broady, Jr., and many 

friends and relatives. 
A memorial fund has been established in 

her name at the University of Maryland to 

be used in support of graduate student re- 

search in systematics. 

Thomas J. Henry (Systematic Entomol- 

ogy Laboratory, PSI, ARS, USDA, MRC- 

168, c/o National Museum of Natural His- 

tory, Washington, D.C. 20560) and Gustavo 
Hormiga (MCSE, Department of Entomol- 

ogy, University of Maryland, College Park, 
Maryland 20742). 
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Society MEETINGS 

990th Regular Meeting—January 6, 1994 

The 990th Regular Meeting of the Ento- 
mological Society of Washington was called 

to order by President Paul J. Spangler in the 

Naturalists’ Center of the Natural History 

Building at 8:00 pm on January 6, 1994. 
Nineteen members and two guests were 

present. Minutes of the December meeting 

were read by Recording Secretary M. Alma 

Solis and approved as read. 

President Spangler called for reports from 

officers, but there were none. 
President Spangler called for notes or ex- 

hibits. Ted Spilman brought in two books 

published by The Sandhill Crane Press, 

Gainesville, Florida in 1993: The Natural- 

ists’ Directory and Almanac (International! ), 

46th edition, compiled and edited by Ross 

H. and Mary E. Arnett, and North American 

Psocoptera (Insecta) by Edward L. Mock- 

ford ($55.00). It was announced that a card 

was being circulated by Elaine Hodges for 

Honorary Member Alan Stone’s 90th birth- 

day. 

Nathan M. Schiff, Program Chairman, in- 

troduced the speaker for the evening, Dr. 

John Heraty, Department of Entomology, 

Smithsonian Institution, whose talk was en- 

titled “Ants, Plants and Hitchhiking Para- 

sites: A Guide to the Behavior and Phylog- 

eny of the Eucharitidae (Hymenoptera). 

Members of this group are ant parasites in 

tropical areas and can become pests, for ex- 

ample, by brown spotting caused by egg lay- 

ing on young banana skins in Costa Rica. 

Eggs are laid on plants and the larvae move 

down into the ant nests. Eucharitids are col- 
lected by sweeping with a net and looking 

for large numbers of individuals on plants. 

The Eucharitidae are divided into two sub- 
families, the Orasiminae and Eucharitinae. 

Orasimine larvae are about | mm long and 

are well sclerotized. The wasp larva burrows 

into the ant larva just behind the head and 

as soon as the ant larva pupates, the wasp 

larva becomes external. The ants have not 

been found to exhibit any defensive behav- 

lors against the wasp larvae. Studies on par- 

asitism rates of fire ants, Solenopsis invicta, 
have shown the number of colonies with 
Orasema to be up to 41.3% and the average 

number of Orasema larvae per nest was 17.5. 

It is believed the legless, first-instar larvae, 

or planidia, are transported into the ant nest 

by hitching rides on thrips. Myrmecines. 

such as Wasmannia auropunctata, Azteca 

chatifox, and Pheidole megacephala, are 

predators of thrips and carry the thrips back 

to their nests. Eucharitines have long nee- 
dle-like ovipositors and lay masses of about 

2000-3000 eggs. Laying masses of eggs is 
primitive and has arisen three times in eu- 

charitids. On Labrador tea, the female lays 

the egg mass on the inflorescence where they 

overwinter. The inflorescence falls in the 

spring and the wasp eggs release a sweet, 

embryonic liquid. It has been inferred that 

ants, like Campanotus that are frugivorous, 
transport the planidia into the ant nest with 

the sweet liquid. 

Dr. Heraty conducted two phylogenetic 

analyses of eucharitid genera using PAUP 

with unordered multistate characters: one 

with adult characters only, and the other 

with characters of the adults, larvae, and 

behavior. The ant host was not included in 

the analyses. He compared his wasp phy- 

logeny with an ant phylogeny by H6lldobler 

& Wilson, to look for coevolutionary pat- 

terns. Orasimines are parasites of myrme- 

cines, and genera such as Pheidole primi- 

tively need to be transported into ant nest. 

Eucharitines have two tribes: Psilocharini 

are parasites of ponerines and Eucharitini 

are parasites of ponerines and formicines, 

except for one genus that contains parasites 

of myrmecines. Psilocharitini, such as Hy- 

poponera, drop down upon ant nests. Dr. 

Heraty found that there was no evolution- 
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ary host tracking and there have been mul- 

tiple host shifts to formicines. 

Our visitors were introduced and the 
meeting was adjourned at 9:30 pm. Refresh- 

ments for this meeting were provided by 

Paul and Phyllis Spangler. 

M. Alma Solis, Recording Secretary 

99 1st Regular Meeting—February 3, 1994 

The 991st Regular Meeting of the Ento- 

mological Society of Washington was called 

to order by President Paul J. Spangler in the 

Naturalists’ Center of the Natural History 

Building at 8:00 pm on February 3, 1994. 

Eighteen members and seven guests were 

present. Minutes of the January meeting 
were read by Recording Secretary M. Alma 

Solis and approved as read. 

President Spangler called for reports from 

officers. Membership Chairman, Ralph 

Eckerlin, read the name of one applicant for 

membership: Rodney S. Hanley, Depart- 

ment of Entomology, Washington State 

University, Pullman, Washington. 

President Spangler called for notes, ex- 

hibitions, or announcements from the 

members. Paul Spangler distributed a flyer 

by the Washington Biologists’ Field Club 

announcing awards to support research of 

the Potomac Basin. He also distributed a 
handout about the development of a “Di- 

rectory of Reference Collections and Spe- 

cialists in Caribbean Biodiversity” and an 

announcement for a symposium on surveys 

and inventories of Caribbean biodiversity 

to be held in conjunction with the 3rd Sym- 

posium on Zoology in Havana, Cuba from 

June 21 to 24, 1994. An article from the 

Georgetown Magazine featuring Ed Bar- 

rows was passed around. Alma Solis cir- 

culated a book entitled The Lepidoptera: 

Form, Function and Diversity (1992) by 

Malcolm J. Scoble, Oxford, England, Ox- 
ford University Press, $64.00. 

Program Chairman Nathan M. Schiff in- 

troduced the speaker for the evening, Dr. 

Janice Bossart, Department of Entomology, 
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University of Maryland, whose talk was en- 

titled “Evolution of Host Use Traits in Ti- 

ger Swallowtails.”” Papilionidae has about 
550 species in the world and 33 species in 

the U.S. north of Mexico. Most species have 

caterpillars that are specialists. Three quar- 

ters of the species use only three different 

host plant families: Rutaceae, Lauraceae, 

Umbelliferae. In contrast the Papilio glau- 
cus complex is polyphagous. Mark Scriber’s 

lab found fixed allozyme differences be- 

tween Papilio glaucus canadensis Roth- 

schild and Jordan and Papilio glaucus glau- 

cus Linnaeus and designated the two 

subspecies as one species. Dr. Bossart stud- 

ied individuals or genetic variation within 

and between populations (Ohio, Georgia, 

and Florida) of P. glaucus in eastern U.S. 

and examined oviposition behavior and lar- 

val physiology with regard to use of Prunus 

serotina, Liriodendron tulipifera, Magnolia 
virginiana. Genetic variation was shown us- 

ing larval performance and host preference. 

Ten to fifteen neonate larvae were fed eight 

to seventeen plant families and relative 

growth rates, pupal mass, and larval dura- 

tion were measured. Dr. Bossart found pop- 

ulations do respond differently to different 

host plants. Polyphagy can occur in two dif- 

ferent modes: ‘“‘The generalist’? where fam- 
ilies of insects can feed on a wide variety of 
hosts or ““composite generalist’’ where fam- 

ilies of butterflies do better on some plants 

than others. Dr. Bossart found differences 

between the butterfly populations in host 

preference, which she tested by placing fe- 

males with appropriate foliage and offering 

them a choice between host plants. Re- 

search by Mark Scriber, Bob Lederhouse, 

and Bob Hagen showed that genetic varia- 

tion is adaptively significant. Further, they 
found no differentiation among the three 

populations (Ohio, Georgia, Florida) in 

contrast to host preference. The result being 

that P. glaucus from Ohio to Florida is one 

large parmictic population. In summary, 

they found differential selection among 

populations and among genotypes within 
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populations, extensive gene flow in P. glau- 
cus, and genetic variation for host prefer- 

ence and larval preference. In the absence 

of more substantial barrier to gene flow, P. 

glaucus will continue to feed on a variety 

of host plants. 
Visitors were introduced and President 

Spangler adjourned the meeting at 9:30 pm. 

Refreshments were provided by Nathan 

Schiff. 

M. Alma Solis, Recording Secretary 

992nd Regular Meeting— March 3, 1994 

The 992nd Regular Meeting of the En- 

tomological Society of Washington was 

called to order by President Paul J. Spangler 

in the Naturalists’ Center of the Natural 

History Building at 8:00 pm on March 3, 
1994. Fifteen members and six guests were 

present. Minutes of the February meeting 
were read by Recording Secretary M. Alma 

Solis and approved as read. 

President Spangler called for reports from 

officers. Membership Chairman, Ralph 

Eckerlin reported one new member, Andrea 

Lucci, Dip. C.D.S. L. sez Entomologia 
Agraria, Pisa, Italy. President Elect John 

Neal announced that the banquet this year 
is scheduled for June 2nd in the Associates 

Court at the National Museum of Natural 
History. The price will be $22.00 per person 

with a Cash Bar from 6-7:30 pm. The 

speaker will be Lincoln Brower and the 

Master of Ceremonies will be Jeff Aldrich. 

Program Chairman, Nathan Schiff, intro- 

duced the speaker for the evening, Mr. War- 

ren Steiner, Department of Entomology, 
Smithsonian Institution, whose talk was en- 

titled “Insect Biodiversity and Biomes of 
Madagascar.”’ Mr. Steiner described a pro- 

ject begun in 1988 by Duke University to 

sample arthropods in Ranomafana Nation- 

al Park, a montane forest reserve in Mad- 

agascar. He showed photographs of the un- 

usual insects found in the park, such as fuzzy 

weevils, glitzy butterflies, and predaceous 

katydids with elongated mandibles. He de- 
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scribed the trapping methods, results, ideas, 

and applications for the results. He used 

pitfall traps with lemur dung bait for dung 

beetles to study edge effects and habitat zones 

of the park. He collected insects using stan- 

dard butterfly bait traps with rotten fruit, 
malaise traps, and yellow pan traps. From 

bracket fungi he collected Drosophila spp. 

and from stink horns he collected nitidulids; 

from streams and flowers he collected bee- 

tles and hemipterans; he sprayed pyrethrin 

to knock down insects; from selective log- 

ging he collected unusual buprestids; malaise 

traps over streams yielded trichopterans, 

megalopterans, and pyraloid nymphulines. 

The canopy was not sampled, but it will 

probably be less diverse than its counter- 

parts in neotropics because epiphytes are 

not as common in Madagascar. He also an- 

alyzed the time it takes to sort material from 

various different traps. Mr. Steiner’s work 

during October 1988 resulted in 69 mor- 

phospecies of tenebrionids and 59 morpho- 

species of carabids. He found that carabids 

as predators are more speciose than teneb- 

rionids that are scavengers, but carabids are 

less rich in numbers than the tenebrionids. 

Mr. Steiner also developed protocols for the 

time it takes to sort the insects since this 

information is useful for the planning stages 

of monitoring the insect fauna of the park. 
With malaise traps he found he could sort 

about 308 specimens per hour, with yellow 

pan traps he could sort about 227 specimens 

per hour, and with material from pyrethrin 

fogging he sorted about 290 specimens per 

hour. 
Madagascar is very diverse in habitats and 

Mr. Steiner showed slides of the many areas 

he has visited. The area around the airport 

in the capital is a high plateau grassland with 

many endemic insects. The high plateau ar- 

eas are also the site of agricultural endeavors 

such as rice, the staple food. There are nine 

species of Baobab trees in Madgascar as 

compared to one species in Africa and there 

exist remnants of Baobab trees in many ar- 

eas. Tomatov, the main seaport, has beach- 
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es, cutover and grazed areas, introduced 

pines, and a native “palm” (that is really a 

member of the Musaceae). He has also been 

to the dry, scrub or spiny forest in the south- 

west part of country where mid-day tem- 

peratures can reach 115 degrees. In this for- 

est he swept plants of flowering Zygophyllum 

(Zygophyllaceae), which attracted many hy- 

menopterans and lepidopterans, and col- 

lected 913 beetle specimens representing 135 

species and 38 families. 

Visitors were introduced and President 

Spangler adjourned the meeting at 9:00 pm. 

Tasty refreshments were provided by Har- 

old Harlin. 

M. Alma Solis, Recording Secretary 

993rd Regular Meeting—April 7, 1994 

The 993rd Regular Meeting of the En- 

tomological Society of Washington was 

called to order by President Elect John Neal 

in the Naturalist Center, National Museum 

of Natural History at 8:00 pm on April 7, 
1994. Thirteen members and two visitors 

were present. Minutes of the March meeting 
were read by Recording Secretary M. Alma 

Solis and approved as read. 

President Elect Neal called for reports 
from officers. Ralph Eckerlin, Membership 

Chairman, reported four new members, Pe- 

ter W. Kovarik, Department of Entomol- 

ogy, Ohio State University, Columbus, 
Ohio; John K. Moulton, Department of En- 

tomology, University of Arizona, Tucson, 
Arizona; Dawn Southard, Washington, 

D.C.; David L. Wagner, Department of 
Ecology and Evolutionary Biology, Univer- 

sity of Connecticut, Storrs, Connecticut. 
John Neal announced that the banquet tick- 

ets are on sale, $22.00 for members and 

guests, half price for students and a pre- 

banquet flyer would soon be sent out. 

President Elect Neal called for notes or 
exhibits. William Bickley brought to our at- 

tention “The Maryland Naturalist,” the 

journal for The Natural History Society of 

Maryland, and an article entitled “Ant-plant 
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mutualism diversity of insects feeding on 

nectar.”” Ray Gagné passed around a copy 

of his latest book The Gall Midges of the 
Neotropical Region ($52.50) and his pre- 

vious book The Plant-feeding Gall Midges 
of North America ($45.00), both published 

by Cornell University Press. Dave Smith 

showed some photographs of argids (Hy- 

menoptera) taken by Manya Stoetzal in 

Puerto Rico a few years ago. Seriococeros 

krugii (Cresson) is the only known sawfly 

species in Puerto Rico. The adult female 

attaches one end of the red egg to a leaf of 

Coccoloba sp. or seaside grape, and after 

hatching, the larvae are gregarious, feeding 
on the edge of the leaf. 

Nathan Schiff, Program Chairman, intro- 

duced the speaker for the evening, Mr. Rus- 

sell D. Stewart, USDA, APHIS, whose talk 

was entitled “‘Pest Identification Support.” 

Mr. Stewart described the efforts by the An- 

imal, Plant, Health Inspection Service to 

monitor and protect the United States from 

incoming organisms. The specific goals of 
APHIS are to prevent pests from entering 

the country, to detect and manage new and 

exotic plant pests, to monitor endemic plant 

pests, and to facilitate export certification. 

The U.S. Congress has passed laws such as 

the Mexican Border Act of 1942 to enable 
APHIS to accomplish its mission. There are 

over 1200 Inspectors at ports, about 49 are 

entomologists and 16 are pathologists. Be- 

tween 1989 and 1992 there were 11,000- 
15,000 non-significant identifications, 4300- 

5000 significant identifications, and about 

3000 urgents. Insects are the major group 

intercepted from, for example, food prod- 

ucts on incoming flights, importation of cut 
flowers, and plants for propagation that in 

addition require fumigation. Not all organ- 

isms are insects and so APHIS depends on 

national identification services provided by 

a wide variety of organizations to identify 
the organisms intercepted at the ports. Ex- 

amples of these organizations are various 

laboratories of ARS (Agricultural Research 

Service) such as the Systematic Entomology 
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Laboratory, Nematology Laboratory, Hon- meeting was adjourned at 9:30 pm by Pres- 

eybee Laboratory, and others such as the ident Elect Neal. John Neal provided the 

Academy of Natural Sciences, Philadelphia tasty refreshments after the meeting. 

in the field of Malacology. 

Our visitors were introduced and the M. Alma Solis, Recording Secretary 
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